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INTRODUCTION. 


As explained in this introduction during 1914, the 
Montuiy WeatuEeR Review now takes the place of the 
Bulletin of the Mount Weather Observatory and of the 
voluminous publication of the climatological service of 
the Weather Bureau. The Monruty Weatuer Revirw 
contains contributions from the research staff of the 
Weather Bureau and also special contributions of a gen- 
= character in any bednch of meteorology and clima- 
tology. 

to the Weatrner Review are 
published from time to time. 

The climatological service of the Weather Bureau is 
maintained in all its essential f eatures, but its publica- 
tions, so far as they relate to purely local conditions, are 
incorporated in the monthly reports “Climatological 
Data”’ for the respective States, Territories, and colonies. 

Since August, 1915, the material for the Monrnury 
Weatner Review has been prepared and classified in 
accordance with the following sections: 

Section 1.—Aerology.—Data and discussions relative 
to the free atmosphere. 

SrecTION 2.—General meteorology.—Special contribu- 
tions by any competent student bearing on any branch 
of meteorology and climatology, theoretical or otherwise. 

Section 3.—Forecasts and general conditions of the at- 
mosphere. 

Section 4.—Rivers and floods. 

Section 5.—Seismology.—Results of observations by 
Weather Bureau observers and others as reported to the 
Washington office. 

Section 6.—Bibliography.—Recent additions to the 
Weather Bureau library; recent papers bearing on 
meteorology. 

Section 7.— Weather of the month.—Summary of local 
weather conditions; climatological data from regular 
Weather Bureau stations; tables of accumulated and 
excessive precipitation; data furnished by the Canadian 
Meteorological Service; monthly charts Nos. 1, 2, 3, 4, 5, 


6, 7, 8, the same as hitherto; Meteorological Summar 
and chart No. 9 of the North Atlantic Ocean for this 
month in 1917. Owing to the fact that ocean meteoro- 
logical data are frequently not available for a consider- 
able time after the close of the month to which they re- 
late, the chart and text matter in connection therewith 
appear one year late. 

n general, appropriate officials prepare the seven sec- 
tions above enumerated; but all students of atmospherics 
are cordially invited to contribute such additional articles 
as seem to be of value. 

The voluminous tables of data and text relative to 
local climatological conditions, that during recent years 
were prepared by the 12 respective “district editors,” 
are omitted from the Monruty Weratuer Review, but 
are collected and published by States at selected section 
centers. (See cover, p. 3.) 

The data needed in Section 7 can only be collected 
and prepared several weeks after the close of the month 
designated on the title-page; hence the Revimw as a 
whole can issue from the press only within about eight 
weeks from the end of that month. 

It is hoped that the meteorological data hitherto con- 
tributed by numerous independent services will continue 
as in the past. Our thanks are due especially to the 
directors and superintendents of the following: 

The Meteorological Service of the Dominion of Canada. 

The Meteorological Service of Cuba. 

The Meteorological Observatory of Belen College, 
Habana. 

The Government Meteorological Office of Jamaica. 

The Meteorological Service of the Azores. 

The Meteorological Office, London. 

The Danish Meteorological Institute. 

The Physical Central Observatory, Petrograd. 

The Philippine Weather Bureau. 


The Weather Bureau desires that the Monrnty WEATHER 
Review shall be a medium of publication for contribu- 
tions within its field, but such publications is not to be 
construed as official approval of the views expressed. 


Circulation of the Monrnty Weratuer ReEvIEw: 


Foreign, about 315 copies. 
Domestic, about 1,100 copies. 


94395—19——1 
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SECTION I.—AEROLOGY. 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
OCTOBER, 1918. 


By Hersertr H. Professor of Meteorology. 
[Dated: Weather Bureau, Washington, Nov. 30, 1918.] 


For a description of instrumental exposures, and an 
account of the methods of obtaining and reducing the 
measurements, the reader is referred to the Review for 
January, 1918, 46:2. 

The monthly means and departures from normal values 
— in Table 1 show that direct solar radiation averaged 
slightly below its normal intensity at Washington, D. C., 
and Lincoln, Nebr., and above normal at Madison, Wis. 
No measurements were obtained at Santa Fe, N. Mex., 
on account of a broken suspension in the galvanometer. 

Table 3 shows only slight departures from the normal 


radiation for the month at 


ashington and Madison, 


although both these stations and also Lincoln, show a 


deficiency for the third decade. 


At Madison this defi- 


ciency amounted to 34 per cent of the decade normal, 


and at Lincoln to 25 per cent. 


month at Lincoln was about 10 per cent. 
Skylight polarization measurements obtained on six 


days at Washington give a mean of 60 


maximum of 64 per cent on the 22d. 
very close to October averages for Washington. Meas- 
urements obtained on nine days at Madison give a mean 
of 64 per cent with a maximum of 69 per cent on the 9th. 


The deficiency for the 


_ cent, with a 


hese values are 


TaBLeE 1.—Solar radiation intensities during October, 1918. 


{Gram-calories per minute per square centimeter of normal surface.) 


Washington, D.C. 


Sun’s zenith distance. 
0.0° | 48.3° 60.0° | 66.5° | 70.7° | 73.6° | 75.7° | 77.4° | 78.7° | 79.8° 
Date. 
Air mass. 
30 | 35 | 40 | 45 | 50 55 
= 
| 
| eal. | cal. cal. | cal, cal. | cal. 
.09 1.03 | 0.97| 0.93 0.88 0.82 
-03 0.90 | 0.86 0.83 0.80 
.99 0.89) 0.84) 0.80, 0.76 0.71 
-96 | 0.95/ 0.91) 0.81 |....... 
0.74] 0.67) 0.62; 0.57! 0.52 
1.08 | 1.07] 1.07 0.98 |...... 
0.84 
1.00 0.88) 0.83! 0.84. 0.79 0.74 

Departure 

from 10-year 

—9.06 +0.03 +£0.00 +0.01 |+0.01 +0.06 +0.02 +0.00 

P.M. 

1.08 | 0.98 | 0.89/ 0.81 | 0.74] 0.68) 0.63| 0.58 ...... 
1.13 1.04; 0.97] 0.82] 0.77) 0.73] 0.69 /)...... 

Monthly 

1.15 | 1.01 0.99) 0.88} 0.87} 0.82) 0.76] 0.70)...... 

Departure 

from 10-year | 

—0.08 —0.11 —0.03 (+0.04 |+0.05 |+0.04 
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Tasie 1.—Solar radiation intensities during October, 1918—Contd. 
{Gram-calories per minute per square centimeter of normal surface.] 
Madison, Wis. 


Sun’s zenith distance. 


| 0.0° 48.3°  60.0° | 66.5° | 70.7° | 73.6° | 75.7° | 77.4° | 78.7° | 79.8° 
Date. | 
Air mass. 
| as 30 35 | 40 | 45 | 50 | 5.5 
a.m. | cal. | cal. cal. | cal. | cal. | cal. | cal. | cal. | cal. 
(*1.45] ....... 1.25 | 1.16 | 1.09) 
Bett | 1.08; 1.04 | 0.96] 0.93 0.89 
| | | 
Monthly | | 
| (1.30) (1.22), 1.24) 1.17 1.09 | (1.08), (1.02)) (0.93) (0.89) 
Departure 
from 9-year | 
(+0.05 +0.13 +0.14 |+0.21 +0.27 |+0.26 +0.23 
P. | | 
Monthly | 
Departure | 
from 9-year | | | 
0.02 |+0.04 +0.04 +0.08 —0.01 |....... 
Lincoln, Nebr. 
| 
*1.41}) 1.28; 1.16| 1.06] 0.96; 0.89] 0.82| 0.75 
1.27; 1.21) 1.14; 1.07 1.02, 0.90! 
1.37 | 1.30, 1.22 1.15 
| | | 
| | | 
1.27.| 1.18] 1.10 | 1.04! (0.92), (0.82) 
Departure 
from 4-year | | 
| | 
1.10, 1.03! 0.98 0.93) 0.86 0.82 
1.90) 1.13 | 1.04 | 0.97; 0.91) 0.87) 0.83 
1.27 | 1.16; 1.05) 0.95 0.69 
Monthly | 
(1.27), (1.18) 1.09) 1.01 0.94 0.87 | (0.86) 0.78 
Departure | | 
from 4-year | | 
+0.02 4+0.02 +0.01 —0.02 ,—0.03 —0.04 +0.00 —0.05 
| } } 


* Extrapolated, and reduced to mean solar distance. 


TaBLE 2.—Vapor pressures at pyrheliometric stations on days when solar 


Washington, D.C. 


| 
| Madison, Wis. 


radiation intensities were measured. 


Lincoln, Nebr. 


| 
Date. | 8a.m.|8p.m. || Date. | 8a.m. | 8p.m. |; Date. | 8a.m. 8p.m. 
1918. mm mm. || 1918. mm. mm. || 1918. | mm. mm. 
Oct. 1| 627| 7.04! Oct. 3| 5.36| 457 Oct. 5| 9.47) 7.57 
2 848| 14.10 || 5 9.14) 6.76 8 9.83 7.29 
4 6.50} 9.14 || 7 6.50| 6.76 13) 5.79| 5.26 
8| 5.36] 5.56) 9 7.04| 7.29 ]| 4| 4.75! 627 
9| 6.02 7.87 || 12} 12.24) 10.59 28 | 3.45 6.76 
7.57] 9.14] 21 5.16; 3.30 || 29| 3.45 7.04 
11 7.57| 11.38 || 2| 5.56 || 30} 3.81 5.56 
14 6.27 4.95 


— 
— 
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TaBLE 3.—Daily totals and — of solar and sky radiation during TABLE 3. 
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—Daily totals and departures of solar and sky radiation during 


ctober, 1918. October, 1918—Continued. 
[Gram—calories per square centimeter of horizontal surface.) {Gram—calories per square centimeter of horizontal surface.) 
Departuresfrom | Excess or deficiency Departures from || Excess or d 
Daily totals. normal. since first of month. Daily totals. normal. ce first of month 
Day of month. 4 Wash. fl Day of month. 
Wash+ Lin- | WS! Madi-| Line || | Lin- Wash+| Lin- | Madi-| Lin- | Madi-| Lin- 
; In. | {08 | son. | coln. |) 458° | son. | coln. ton, | Son. | coln. |} 456° | son. | coin. ing- son. | coln. 
cal. | cal. | cal. cal. cal. | cal. cal. | cal. || cal. | cal. | cal. cal cal. : 
44; —58 44; -63 —58 285 248 95 62) —46 50 452 | —319 
53 94; —62 97 31 —120 , SEE eS 153 1 —67 | —155 142 385 | —474 
—12 81 ll 85 112, —109 23.. 218 191 31 1) —95 173 386 | —569 
51| —69| —149 136 43 —258 24... 48 379 —25 | —166 97 148 220 | —472 
—6 100 101 130 143 —157 25... 302 43 || —102 91 | —235 46 311 | —707 
—45 13 52 85 156 43 29 —79 | —165 | —246 —33 146 | —953 
—137 105 24 | —52 261 —8l 27.. 42 27 —34 | —164 | —245 —67 | —18 |—1,198 
108 | —172 65 | 56 89, —16 28.. 115 288 —58 | —88 19 —125 | —106 |—1,179 
9 112; —14 65 201, 29... 53 363 —63 | —148 —188 | —254 |—1,082 
78 13 | —200 | 143 214 +—230 30.. 113 292 || —160| —85 29 —348 | —339 |—1,053 
—30 | —192 | —123 |! 113 22 —353 31.. 140 288 —73 | —56 28 —421 | —395 |—1,025 
—180 — 1 - 
57 106 = Decade departure... —376 | —785 | —752 
ji Si Bi oa Excess or deficiency —2,774 | +309 | —135 
72 43 46 122 29s since first of year..\per cent. —0.1 
51 146 
72 | —212 |) 56 421 —141 
103 | —139| —196 | 159 | 282, —337 
—204 108 64 —45 390 | —273 
HALO PHENOMENA OBSERVED DURING OCTOBER, 1918. 
By WILus Ray GREGG, Meteorologist. 
| | Time of | Th readings 
olit 
| | eodolite 
Alti- | Lati- Longi- | | 
een. tude. | tude. | tude. | Date. | Formobeerved. | Radius Distance | Altitude 
Radius 
| | Beginning.| Ending. Time. | inside out- ofare from sun | of sun or 
| side. *|Ormoon.| moon, 
m, | ° 
*Broken Arrow, Okla...............-..-- 233 | 36 02 95 49 16 | Solar halo, 22°..... 7:00 a.m. | 4:34 p.m. 
20 | Lamar halo, 22°...) 8:30 p.m. | 11:30 p.m. 
| 21 | Solar halo, 22°..... 12:00 m. 3:45 p.m. | 

137 44 36 75 10 4 | Solar halo, 22°..... 2:45 p.m. | 3:20 p.m. | 
| 9 | Solar halo, 22°..... 7:50a.m. 8:40 a.m. 
| | 15 | Solar halo, 22°..... 12:05 p.m. | 12:45 p.m. 
| 15 = right, | 12:05 p.m. | 12:45 p.m. 

| 16 | Solar halo, 22°..... 2:00 p.m. | 2:35 p.m. 

| | 16 | Lunar halo, 22°...) 7:45p.m./| 8:45 p.m. 
22 | Lunar halo, 22°...| 8:00 p.m. | 10:00 p.m. 
} 23 | Lunar halo, 22°...| 6:00a.m.; 6:30a.m. 

| 23 | Solar halo, 22°..... 10:00 a.m. | 10:20 a.m. 

se es eee 191 39 06 84 30 10 | Solar halo, 22°..... 2:30 p.m. | 2:50 p.m. 

| 10 — right, | 2:24p.m. | 2:32 p.m. 

| 

| 1 ar halo, 22°..... 15 p.m. | 1: 

| 11 | Solar halo, 22°..... §:00a.m. | 8:406.m. 
| 17 | Solar halo, 22°..... 10:40 | 12:30 p.m. 
| Soler belo, = 12:00m. | 12:30 p.m. |............ | 

ar halo, 22°..... 11:00 a.m. | 11:408.m. |............ 

396 41 % 16 Solar halo, 22°..... 9:30a.m. | 12:45p.m.| 9:45am. > 22 22.5 34 
| 7 | Solar halo, 22°..... 12:12 p.m. | 1:00 p.m. |12:37p.m. | 22 22.5 44 
9 | Solar halo, 22°..... | 11:35a.m. | 3:30p.m.| 2:20p.m.; 22 22.5 35 
15 | Lunar halo, 22°...) 6:30p.m. | 7:45p.m. | 7:00p.m.| 22 23 Fs ee 35 
| 17 | Solar halo, 22°..... 11:35a.m. | 2:30 p.m. | 11:50am. 22 22.5 39 
| 24 | Solar halo, 22°..... 8:00a.m. | 8:38a.m.} 8:18am. 23 24.5 16 

28 | Solar halo, 22°..... 2:40 p.m. | 3:21p.m./{ 2:47p.m.; 22 22. 5 
28 | Circumhorizontal | 2:40 p.m. 3:21 p.m. | 2:47 p.m. 10 46 24 
} | are. 

444 45 59 98 34 4 Solar halo, 22°..... $000. |. 396 
| 11 | Solar halo, 22°..... 3:30p.m.| 4:35p.m.| 345 p.m./ 21.8] 226| 220 |.......... 21.5 
| | 17-18 | Lunar halo, 22°...| 9:57 p.m. | 2:22a.m. 

nar halo, 22°...) 11: 

17 | Lunar halo, 22°...) 6:40 p.m. | 9:00 p.m. |............ 
| 18 | Lunar halo, 22°...| 7:00 p.m. | 7:30 p.m. |...........- 

| olar halo, 22°.....) 11:30 a.m. 

10 | Parhelion, left,22°.| 6:46.a.m. | 9:00a.m. 

10 Solar halo, 46°..... 3244 | 

15 Parhelion, right, | 4:00: | 

19 Lunar halo, 22°...) 4:30a.m.| 5:00am. 

*Royal Center, 225 | 40 53 | 86 29 10 Solar halo, 22°..... | 


* Aecrological station. 


> 
i ~ 
7 
> 
| } 
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Halo phenomena observed during October, 1918—Continued. 


Ocroser, 1918 


Station. 


‘ 


* Ellendale, N. Dak 


* Groesbeck, Tex 


29 


* Aerological station. 


FORECAST SERVICE FOR AVIATORS BEGINS. 


*On December 1, the aerological data obtained from 
pilot balloon and kite flights late in the afternoon were 
telegraphed to the central office of the Weather Bureau 
from 18 Signal Corps and Weather Bureau aerological 


stations in the eastern United States. 


¢ Beginning with part nearest sun or moon. R, red; O, orange, etc. 


From these data, 


the first forecast for the New York to Chicago aeroplane 
mail service was made and telegraphed to Cleveland. 
The scope of these bulletins for aviators has heen out- 
lined by the Chief of the Weather Bureau as follows: 


It is expected that the bulletins will contain a brief statement of (1) 
current conditions along selected routes, this statement to include (a) 
the direction and speed of the wind at different altitudes; (b) altitudes 


Precipitation. 


| First subsequent 
began. 
| 
| 


| 10:30 a, m., 17th. 


.| 5:50 a.m., 22d. 


5:50 a. m., 22d. 
oth. 
D. N., a., lth. 
5:10 p.m., 17th. 


5:10 p. m., 17th. 
5:10 p. m., 17th. 
D. N. a., 25th. 
D.N., a., 25th. 
D. N., a., 25th. 


34 p. m., 19th. 
34 p.m., 19th. 
700 p. m., 23d. 
Oa.m., 30th. 
*5p.m., Sth. 
{5 p.m., lth. 


~ 
= 


N., a., 10th. 
., 18th. 


4: ., 18th. 
12: 
., 30th. 
5:3 4th. 
7:5 18th 
18th 
4:0 2ist. 
ist 
D. 16th. 
D, 


6:07 a. m., 19th. 
2:57 p. m., 23d. 
3:19 p.m., 2 
3:50 a. m., 4th. 
2:25 8. m., 
1:00 a. m., I1th. 


| Clouds. 
Degree of 
Colors.t A 
| brightness. Direc-| Pressure. | Last previous 
* tion. ended. 
3| A. St. | s. Stationary...) 2:45 p. m., 12th.. 
Bright ...... 9| Ci. w. Stationary..}; 4:10p.m., 19th 
9; A. Bt. | sw. | Falling...... | 4:10p.m., 19th. 
2; Ci. St.) w. | Rising. ....-. 
4| Ci.St.; w. | Falling...... | 11:40 a. m., 6th.. 
6; A.St.' w. | Falling..... 7:37 a. m., 13th.) 
w. | Falling......| 7:37a.m., 13th 
4/ Ci. w. | Stationary..| 7:37.a.m., 13th. 
Bright .....- Ci. St.' w. Stationary..| 840p.m., 20th 
CL a 3 St. w. | Stationary. -| 8:40 p. m., 20th 
1 | Ci. St. w. | Stationary..| 8:40p.m., 20th. 
Ci. St. w. | Stationary..| D.N.p., 5th... 
9/ Ci. St. sw. | Falling......| 6:10a.m., 12th.| 
Bright 10; A. St. | sw Stationary..| 6:10 a. m., 12th. 
Ci. St.| mw. | Falling...... | 2:40p.m., 20th. 
Bright 10 | A. St. | sw Falling. ..... | D.N., a., 28th. . 
Bright ...... 8 | Ci. St.| w Falling. ..... 8:50 p. m., 30th. 
9) Ci. St.| w. | Stationary..| 9:10 p.m., 5th.. 
Bright...... 9} Ci. St.| w. Falling. ..... | D.N., a., 12th. 
7 | Ci. w. | Stationary . 9:35 a. m., 20th 
Bright ...... Ci. St. | sw Falling. .... | 3:55a.m., 28th. 
Ci. St.| w 6:00 a. m., Ist. . 
8 | Ci. sw. | Falling...... } 3:15a.m., Sth.. 
7,6, 10 Ci. St.) wsw. | Falling...... | 3:15a. m., Sth.. 
Dim........ { \ Rising. .....| 9:00a. m., 11th. 
| ci st.| ew, |pBising...... D.N., a, 23d 
| § dt. ssw 
Dim........{ Ge \Falling...... 5:15 p.m., 2d.. 
Bright ...... 8 | Ci. w. Stationary..| 5:43 p.m., 4th.. 
Bright...... Ww. Stationary...) 5:43 p.m., 4th. 
1:27 p.m., 16th. 
4 \Rising...... 12:45 p. m., 18th. 
10 (7?) | Rising......) 8:10a.m., 22d.. 
Bright...... 9 w. Falling. ..... 
| Bright...... 10 Ww. Falling...... 
| Bright. ..... 10 Ww Stationary 
| Brilliant... 2 Ci. St. nw. | Stationary..) 5:00p.m., 11th. 5:00p.m., 19th 
| Dim........ 8 St.| w. Stationary... 5:00p.m., 19th 
10 | Ci. St. | w. Falling......! 5:00 p.m., 11th. 
Dim........ 10 Ci. St. w. Stationary..| 9:50 p.m., 19th. 
| \Stationary. . 9:50 p. m., 19th. 
9 | Ci. St.| w Falling. ..... 1:15a.m., 


10:06 a. m., 


of cloud layers, when these are below 4 kilometers; (c) altitudes at 
which the greatest help will be given by the winds, or the least re- 
sistance will be offered by them, in case opposing winds will be en- 
countered at all altitudes; (2) a forecast of probable changes in condi- 
tions during the succeeding 24 hours. 
In a recent letter to the Secretary of Agriculiure the 
Second Assistant Postmaster General says: 

The extension of the aerial mail service this coming spring contem- 
plates a direct air line from Boston to New York, New York to Washi- 
ington, Washington to Atlanta, Atlanta to Tampa, Tampa to Key 
West; also New York to Cleveland, Cleveland to Chicago, Chicago to 
Omaha, Omaha to Denver; also south to St. Louis, St. Louis to Kansas 
City; also Chicago to Milwaukee, Milwaukee to St. Paul and Minne- 


apolis. 


lines.—Ed. 


The builetin should cover the disturbed areas over these 


|| 
Date. 
16 
21 
4 
9 
15 | 
15 
16 
16 
22 
23 
23 
| 10 
| 10 
17 
17 
22 
29 
5 
11 
| 
22 
9 
15 
17 
24 | 
28 
wee 
1l 
20 
17 | 
23 
| 37 
4 
| 10 
10 
10 
10 
10 
15 
16 | 
18 
| 19 | 
| 22 
| 22 
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SECTION II.—_GENERAL METEOROLOGY. 


A MUCH NEEDED CHANGE OF EMPHASIS IN 
METEOROLOGICAL RESEARCH. 


By Pror. Massachusetts Institute 
of Technology. 


(Presented before Washington Academy of Sciences, June 7, 1918.} 


Meteorology is generally conceded to be the least ad- 
vanced of all the physical sciences. While considerable 
advances have been made in forecasting based on tele- 
graphed information, forecasting from observations at a 
single station is but little better than has been possible 
for a thousand years among weatherwise farmers. And 
not even a definite scientific conception of the possibility 
of weather control has hitherto existed. These are very 
important phases of meteorology, weather prediction, 
and weather control, and it is no wonder that many 
laboratory physicists who do predict and control should 
have a contempt for meteorological studies, and espe- 
cially for those of statistical character. Also, in view of 
the wonderful developments in laboratory physics, it is 
natural that many meteorologists should be more or less 
apologetic in their attitude toward their work. It seems, 
however, to the author that contempt for statistical 
studies on the part of the laboratory physicist is wholly 
unjustifiable, and very certainly no meteorologist should 
take an apologetic attitude toward his chosen line of 
work. 

One object of this paper is to show that the ordinary 
point of view of the laboratory physicist is extremely 
narrow and his disapproval of statistical studies not to 
be taken very naanial: Another object is to convince 
the meteorologist that he has been too much imbued 
with the older point of view of the laboratory physicist, 
and still another object which is, in fact, the chief object 
of the paper, is to set forth a new point of view, which is 
beginning to develop among laboratory physicists, a 
point of view which may be expected to lead to a very 
great increase of interest in the use of the statistical 
method. Indeed it seems probable, in the author's 
opinion, that statistical studies may come to be as 
alluring as the classical physics. 

The most remarkable thing concerning the older 
methods in the physical sciences is that every measure- 
ment, every laboratory study, is and must be made in a 
region in equilibrium, in thermal equilibrium more or 
less nearly complete. The older physics is the study of 
permanencies,' as explained in the following pages. 
Actual movements in nature, actual happenings, things 
which do oceur, have never been the immediate objects 
of study by the physicist or chemist. If an actual 
movement presents a dominant state of permanency, 
like the motion of the earth in its orbit, this dominant 
state cf permanency is abstracted from the complex 
movement as a whole and treated by the well-known 
method of mechanics. If an actual movement presents 
a State of quasi equilibrium, like the slow saponification 
of an oil in an alkaline solution, this state of quasi 


1 The reader will be very greatly helped in getting a clear idea of what is here referred 
to if he will look up a simple discussion of the mechanical notion of force which is given 
on pages 322-325 of Franklin and MeNutt’s General Physics, McGraw-Hill Book Co., 
New York, 1916. This discussion is an exposition of some of the simpler ideas which 
are set forth in a remarkable article by Sir Sestak Larmor ‘‘On the Scope of Mechanical 
Explanation.” The present paper must be kept within readable limits, and the author 
considers it necessary to supplement the paper by references, which may help definitely 
and clearly to —— his object. The article by Sir Joseph Larmor is very difficult 
to read, and it would be useless for any reader of moderate mathematical attainments 
to attempt to read it. 


equilibrium is abstracted from the complex movement 
as a whole (the solution may be violently agitated for 
example) and studied as a chemical reaction velocity. 
If we study a steady flow (approximately steady flow) 
of heat, we arrive, ed more or less abstraction, at the 
quantitative laws of heat conduction and emission. In 
every case in which quantitative correlations are estab- 
lished in the laboratory the experimental system is 
brought more or less completely under control to a 
state of permanency. For example, we take a batch of 
gas and bottle it up and protect it from outside disturb- 
ances by thick layers of cotton or wool, we use a long- 
stemmed thermometer to measure its temperature, and 
we change its volume with extreme slowness and make 
measurements of corresponding temperatures, pressures, 
and volumes, and it is not surprising that we find a very 
definite correlation between temperature, pressure, and 
volume of such a quiet body of gas? Let it be under- 
stood that we are not here concerned with the fact that 
Boyle’s law, for example, is not exactly true, but we ara 
concerned with the fact that there is a definite relation 
between the pressure and volume of a given body of gas 
at a given temperature. The mathematicians call such 
a relation a one-to-one correspondence. 

All of the classical laws of physics are one-to-one cor- 
respondences; they relate always to substances or _ 
tems in permanent states; they are approximate only * 
when they refer to quasi permanence, and the essential 
narrowness of the classical method in physics and 
chemistry has never been more strikingly pointed, out 
than by Goethe, who, being a poet, could not be expected 
to recognize the necessity or appreciate the tremendous 
practical importance of any narrow and prosaic point 
of view. 


‘‘Wer will was Lebendiges erkennen und beschreiben 
Sucht erst den Geist heraus zu treiben.”’ 


Whoever undertakes to study things seeks at the begin- 
ning to drive the spirit out. To make any detailed 
chemical study of wood, even of dead wood, one must 
crush it and cook it and by dissolution reduce it to one 
or more homogeneous substances. In studying any 
complicated chemical phenomenon one must limit one- 
self to what may be called, in mild derision, the ‘‘be- 
fore” and ‘after’ method,t comparing the quiet initial 
state of a system with its quiet final state, and one makes 
a discovery if one establishes a relation between asso- 
ciated changes which take place in two systems.*® 


2 It isa common mistake to think of the classical laws of physics as ineract when they 
are merely not simple from the arithmetical or algebraic point of view. The pressure 
of a body of oxygen at a fixed temperature is not exactly in inverse proportion to the 
volume, but for each volume there is a perfectly definite pressure, perfectly definite if 
one has a sufficiently large body of oxygen, if it is sufficiently protected from outside 
disturbances, and if measurements of volume and pressure are taken so as to refer to 
the average behavior of the gas over a very long interval of time, as long as a few thou- 
sandth’s of a second, let us say. 

8 Or when the experimental system is very small or the measurements taken too 
quickly. The atomic theory suggests that this qualification applies to every kind of 
one-to-one correspondence in nature and careful observation has verified this sugges- 
tion in a few instances. 

Pe See outline of boiler test under the heading “Thermodynamics and the atomic 
eory. 

5 The ideas of energy and entropy have to do wholly with associated changes in sepa- 
rate systems, and however strongly inclined the reader may be to think of energy “as 
the only real thing in the universe,” the author insists that to understand this paper 
one must adopt the naive point of view that physically real things are simply the things 
that we see and feel. Precise ideas (mathematical ideas) are tremendously important 
in that they open the mind for the perception of the simplest evidences of asubject, as 
Wheweilhas said, * * * provided theevidences are consistent withthe ideas. Ac- 
cepted ideas close the mind almost completely to contrary evidences. Ideas help tre- 
mendously to form our sense of physical things * * * but they inhibit sense as 
well. This matteris discussed in avery naive manner in the introduction, poees 1-15, 
of Franklin and MeNutt’s Mechanics and Heat, Franklin and Charles, Bethlehem, Pa., 
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Errors of measurement—Probable errors and probable 
departures. 


It has long been the custom to speak of the probable 
error of a precise measurement as if perfect precision 
would be possible if our Sve eligiag devices were perfect 
and free from erratic variations. It is important, how- 
ever, to recognize two distinct types of erratic error, 
namely, extrinsic error due to uncontrollable variability 
of the measuring device or system and intrinsic error 
due to inherent variability of the thing or system which 
is being measured. Every physical measurement in- 
volves an operation of congruence, a standard of some 
kind is fitted to or made congruent with successive parts 
(which parts are thereby judged to be equal parts) of 
the thing or system which is being measured; and the 
standard system and the measured system are both sub- 
ject to erratic variations. 

There is, perhaps, no case in which intrinsic error and 
extrinsic error can be clearly distinguished and separated 
from each other; but when the errors of one kind are much 
larger than the errors of the other kind, they can, of 
course, be recognized. It is proper to speak of the 
probable error of a single measurement when the vari- 
ations of the measuring device or system are dominant, 
but one should speak of the probable departure of the 
measured system from a certain expected condition at 
any time when the “errors” of observation are due 
chiefly to variability of the thing or system which is 
being measured. Thus, in measuring the coefficient of 
sliding friction extrinsic error may be made negligible 
by making the measurements carefully, but very large 
‘‘errors” persist. The thing which is being measured is 
inherently indefinite, and it may at any time depart 
widely from the most carefully considered expectation.° 


Hydraulics as illustrating the method of mechanics. 


Hydraulics is the study of fluids in motion, and 
the phenomena of fluid motion are to the careful observer 
excessively complicated. Even the apparently steady 
flow of a river through a smooth sandy channel is an 
endlessly intricate combination of boiling and whirling 
motion; and a jet of spray from a hydrant or a burst 
of steam from the safety valve of a locomotive, what 
is to be said of such things as these? Or let one consider 
the fitful motion of the wind as indicated by the swaying 
of trees and the quivering of leaves and as actually 
visibie in driven clouds of dust and smoke, or the sweep 
of flames in conflagration. These are actual examples 
of fluid motion and they are indescribably, infinitely,’ 
compliéated. 

The science of hydraulics is based upon ideas which 
relate to average aspects of fluid motion. Thus the 
engineer is concerned chiefly with such things as the time 
required to draw a pail of water from a hydrant, the loss 
of pressure in a line of pipe between a pump and a fire 
nozzle, or the force exerted by a water jet upon the 
buckets of a waterwheel. These thingsare never perfectly 
steady but they are always subject to perceptible fluctua- 
tions of an erratic character, and to think of any one of 


® We are here nevessarily anticipating what is referred to later as the postulate of 
indeterminism. 

7 Everyone concedes the idea of infinity which is based on abstract number—one, 
two, three, four, and so on ad infinitum—and the idea of infinity which comes irom the 
contemplation of a straight line. But most men are concerned with the humanly 
significant and more or less persistent phases of the material world; their perception 
does not penetrate into the substratum of erratic action which underlies every physical 
happening, and they balk at the suggestion that the phenomena of fluid motion, for 
example, are infinitely complicated. Surely the abstract idea ofinfinity is as nothing 
ee with the awful intimation of infinity that comes from things that are seen 
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these effects as definitely quantitative is of course to think 
of its average character under the given conditions; and 
the extent to which the science of hydraulics is limited 
by the consideration of average effects is evident from 
— following outline of the fundamental idea of simple 
flow. 

When water flows steadily through a pipe or channel 
the motion is always complicated more or less by con- 
tinually changing eddies; the water at a given point does 
not continue to move in a fixed direction at a constant 
velocity. Nevertheless it is convenient to treat the 
motion as if the velocity of the water were in a fixed 
direction and of constant magnitude at each point. 
Such ideal fluid motion is called simple flow, and to use the 
idea of simple flow in the study of an actual case of fluid 
motion is ie same thing as to consider the average char- 
acter of the motion during a fairly long interval of time. 
Also to make use of the idea of lamellar flow in the study 
of pipes and channels is to consider the average velocity 
over the entire section of the pipe or channel. 

A gardener is not concerned with the size or shape of a 
particular drop of rain or whether it falls on the north or 
south side of a particular clod of earth—all such erratic 
details are to him of no consequence; but the erratic 
movements of a fluid are not always unimportant as the 
experienced seaman and especially the experienced 
aviator knows too well, and where individual cases of 
erratic behavior are important the classical method in 
physics is somewhat limited in its usefulness. Indeed 
the use of the classical method tends to divert one’s 
attention away from erratic happenings, however im- 
portant they may be. 


Thermodynamics and the atomic theory. 


In nearly every branch of physical science there are 
two more or less distinct methods of attack, namely, (a) 
a method of attack in which the effort is made to develop 
mechanistic conceptions or models of physical and 
chemical processes, and (6) a method of attack in which 
the effort is made to correlate phenomena on the basis of 
measured data; and these two methods stand out in 
sharpest contrast in the study of heat phenomena. The 
first method is the application of the atomic theory and the 
second method is called thermodynamics. 

The atomic theory is used in every branch of physics 
but to develop the contrast between the atomic theory 
and thermodynamics we will limit our discussion to the 
subject of heat (which properly includes the whole of 
chemistry). Every student of elementary chemistry is 
familiar with some of the uses of the atomic theory. 
What happens when carbon burns, for example? Two 
atoms of oxygen fall upon an atom of carbon and form 
a molecule of CO,, which when formed is in violent 
agitation. Let the reader recall the well-known ideas; 
there is no need to dwell upon them here. But in the 
purely thermodynamic method one is not concerned with 
thermal and chemical actions themselves but with their re- 
sults. Imagine an engineer squinting into a furnace and 
making a minute microscopic study of every flicker of flame 
andofevery curland puffof smoke. Itisnotdone. Theim- 
portant and feasible thing in a boiler test is to study (1) the 
condition of the supply water from which the steam ismade 
(2) the qualities of air and coal which are to combine in the 
furnace (3) the pressure and temperature of the steam 
which is to be produced, and (4) the quality and tem- 

erature of the flue gases as they enter the chimney. 
hat is to say, it is important (and feasible) to consider 
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only the state of things before and after the combustion 
takes place and the only measurements that are needed 
(and the only ones that are feasible or even thinkable) 
are measurements made of substances in approximate 
thermal equilibrium. 


Systematic physics and statistical physics. 


Helmholtz has used the term ‘‘systematik” to desig- 
nate the classical methods in physics, which include the 
method of mechanics and the method of thermodynam- 
ics, and also the atomic theory when it is used, as it 
often is, to help in the establishment of one-to-one cor- 
respondences in systems in permanent or quasi-perma- 
nent states. Nearly the whole of physical science has 
been hitherto what Helmholtz called systematik, and the 
correlations which have been established are, nearly 
all of them, one-to-one correspondences, many of which 
are expressible to a fair degree of approximation in terms 
of very simple analytical functions. 

We often extend the classical method in physics to 
systems which are very far removed from permanent 
states, but the ideas which are used and the kinds of 
correlations which are established are all borrowed from, 
and relate to ideal permanencies. We may, for example, 
determine to a certain rough degree of approximation 
how the members of a bridge structure stretch or shorten 
as a car passes across the bridge; how electromotive 
force, current strength, and all the changing variables 
play in the operation of a dynamo; how the pressure and 
temperature of the steam vary during the successive 
stages of admission, expansion, and exhaust of a steam 
engine; and so on, But all these things are accompanied 
by very perceptible amounts of erratic action. Every- 
thing which takes place in this world has associated with 
it a substratum of complex action which baffles descrip- 
tion. Consider, for example, a simple thing like the 
movement of a train of cars. The engineer is concerned 
only with certain broad features of what takes place, 
the amount of coal and water used, the draw-bar pull 
of the locomotive, and the forward motion of the cars as 
affected by steepness of grade and the opposing force of 
friction. But who could describe in detail the rockin 
and rattling motion of the cars and the whirling an 
eddying motion of the surrounding air, and who could 
trace the motion of every particle of dust and smoke ? 
This indescribably complex action we call by the name 
of turbulence; it exists everywhere and in everything 
that goes forward in this world of ours, and it is never 
twice alike in detail even when the conditions are what 
one would consider exactly the same. All of which sug- 
gests two postulates concerning turbulence, namely, 
(a) that it is infinitely complicated, and (b) that it is 
essentially erratic in character. Let it be understood, 
however, that we are not speaking in terms of ordinary 
ideas or values in making these two statements. It is 
not a question, for example, as to whether a brakeman 
loses his hat every time he makes a trip from Albany to 
Buffalo, but it is a question as to whether his hat is lost 
every time at identically the same place because of a 
gust of wind of precisely the same character when he 
lets go of it in the same way because of a sudden jerk 
of the train which always occurs at the same place in 
exactly the same manner, and so on in endless detail 
of specification, if such specification were possible. 

In the motion of a simple mechanism like the sun and 
planets or in the operation of a simple machine like a 
dynamo the accompanying erratic action is practically 
negligible. ‘Thus one does not consider even the tre- 
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mendous storm movements in the sun in the study of 
planetary motion, and one does not consider the minute 
details of the motion which takes place in a lubricated 
bearing in the study of the operation of a dynamo. In 
many phenomena, however, erratic action is dominant. 
Consider, for example, the motion of the water in a brook. 
This motion presents a fairly definite average character 
at each point, and a fairly typical rythmic variation from 
this average exists at each point, but there is an erratic 
departure - this regular motion which is by no means 
negligible in magnitude. So it is in the case of the 
weather. There is a fairly definite average of weather 
conditions at a place from year to year, and a fairly 
typical rythmic variation, but there are, as we all know, 
wide departures from average and from type, departures 
which for the most part are erratic in character. 

Turbulence is characteristic of those physical and 
chemical changes which are called leomevedtiie or sweeping 
processes.* The most familiar example of such a process 
is ordinary fire, and, as every one knows, a fire is not 
dependent upon an external driving cause, but when once 
started it goes forward spontaneously and with a rush. 
Tyndall, in referring to the impetuous character of fire, 
says that it was one of the philosophical difficultues of 
the eighteenth century. A spark is sufficient to start a 
conflagration and the effect would seem to be out of all 
proportion greater than the cause. Herein lay the philo- 
sophical difficulty. This difficulty may seem to be the 
same as that which the biologist faces in thinking of the 
small beginnings of such a tremendous thing as the chest- 
nut tree blight in the United States. The chance im- 
portation of a spore is indeed a small thing, but it is by 
no means an infinitesimal, whereas, under conceivable 
conditions a fire can be started by a cause more minute 
and more nearly insignificant than anything assignable.’ 
This possibility of the growth of tremendous consequences 
out of a cause which hes the mathematical character of 
an infinitesimal is the remarkable thing; and this possi- 
bility is not only characteristic of fire, but it is character- 
istic of impetuous processes in general. 


The postulate of indeterminism.” 


Impetuous processes, such as storm movements of the 
atmosphere are intimately connected with conditions of 


8 If the reader is not familiar with the fundamental ideas which are related to and 
involved in the second law of thermodynamics, and it is safe to assume that he is not, 
he might profitably read pages 153-169 of Franklin and MeNutt’s General Physics. 
This is an extremely simple and vividly physical discussion and it will serve to show 
how erratic action or turbulence is treated in the classical thermodynamics. This has, 
of course, an important bearing on the subject matter of this paper. 

9It is not a valid objection to this statement to say thatitis not true * * * accord- 
ing to the atomic theory. Because in the first place the atomic theory hardly carries 
one so far, and in the second place the atomic theory is, after all, only a group of ideas, 
and as such it can not properly be allowed to determine every tentative idea that one 
is to entertain. 

10 The postulate of indeterminism is put forth in a remarkable paper by M. J. Bous- 
sinesq, entitled ‘Conciliation du Véritable Déterminisme Mechanique avec l’Existence 
de la Vie et de Ja Liberté Morale,”’ Paris, 1878. 

M. Boussinesq’s point of view is, however, essentially different from the idea which 
is here set forth. ‘Scientists are in agreement,’’ says M. Boussinesq, ‘that physical 
and chemical laws are reducible in the last analysis to different equations,” and, accord- 
ing to M. Boussinesq, indeterminism is linked with the behavior of differential equa- 
tions near and at their singular points. This is certainly a very important idea, but the 
idea here set forth is that physical laws (differential equations) relate always to per- 
manencies or quasi permanencies, and that no physical law exists (no differential equa- 
tion has any meaning) in a turbulent system unless such a system presents what an 
Irishman might call momentary permanencies and what we, with more elegance, call 
quasi permanancies. 

M. Boussinesq’s indeterminism comes from singularities in action, as implicitly con- 
tained in a differential equation, whereas the indeterminism here referred to comes from 
a break, as it were, in initial or boundary conditions and the complete failure in applica- 
tion of any differential equation (except, of course, such differential equations as express 
the application of the principle of probability) until the system again comes to com- 
plete or quasi equilibrium. Thus the curve which represents the expansion of a gas 
on the p v diagram presents an actual gap, the curve does not exist, when the gas passes 
a turbulent condition. 

What is stated above as to the distinction between the Boussinesq indeterminism and 
the indeterminism which is discussed in this paper, namely, that in one case we have 
a valid differential equation which has singularities and in the other case a break in 
bounding or initial conditions and an entire failure in application of any differential 
equation whatever, does not apply, of course, to any purely mechanical system but only 
to chemical systems. 
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instability. Indeed, an impetuous process seems always 
to be the collapse of an unstable state. Let us consider, 
therefore, two ideal cases where the condition of insta- 
bility is assumed to be completely established at the 
start. 

(a) Imagine a warm layer of air near the ground over- 
laid with cold air. Such a condition of the atmosphere 
is unstable, and any disturbance, however minute, may 
conceivably start a — collapse. Thus a grass- 
hopper in Idaho might conceivably initiate a storm 
movement which would sweep across the continent and 
destroy New York City, or a tly in Arizona might initiate 
a storm movement which would sweep out harmlessly 
into the Gulf of Mexico. These results are different 
surely, and the grasshopper and the fly may be of en- 
tirely unheard-of varieties, more minute and insignificant 
than anything assignable. Infinitesimal differences in 
the earlier stages of an impetuous process may, therefore, 
lead to finite differences in the final trend of the process. 

(b) Consider a smooth spherical ball traveling through 
still air. There certainly is no more reason to expect 
the ball to jump to the right than to the left. ‘There- 
fore we may conclude that it will not jump either way. 
Similarly, a sharp-pointed stick stands in a perfectly 
vertical position in a perfectly quiet room, and there is 
no more reason to expect the stick to fall ore way than 
another; therefore the stick will not fall at all. Every- 
one appreciates the fallacy of this argument as applied 
to the stick, and the moving ball does, in fact, jump 
sidewise. 

To understand the behavior of the ball, let us think of 
the ball as standing still and of the air as blowing past it 
in a steady stream. The air streams past the ball and 
slides over a body of still air behind the ball; the surface 
which separates the moving air and still air is called a 
vortex sheet, and a vortex sheet is unstable. Any cause, 
however minute, is sufficient to start an eddy or whirl, 
and once started such an eddy or whirl develops more and 
more. Such an eddy or whirl means that the air stream- 
ing past one side of the ball is thrown inward or outward, 
and the reaction on the ball pushes the ball sidewise. 
This effect can be shown by dropping a marble in a deep 
jar of water. Instead of moving straight downward the 
marble follows an erratic zigzag path. This effect is 
familiar to everyone in the sidewise quivering of a stick 
in a stream of water; and the hissing of a jet of steam is 
due to the rapid fluttering of the boundary between steam 
jet and air because of the formation of innumerable eddies. 

Whenever the postulate of erratic action is set forth, 
and the probable departure of a natural phenonenon from 
the most carefully considered prediction is urged as in 
the nature of things inevitable, we meet objections from 
two classes of men, namely, the average man who thinks 
frankly in terms of human values (the gardener who is 
not concerned with individual drops of rain) and the 
classicist in science who idealizes nature in one-to-one 
correspondences. Surely the classicist says, “if we knew 
all” the data we could make an unqualified prediction in 
any case. But, ignoring the hopelessly unscientific atti- 
tude of mind of one who can postulate infinite knowledge, 
let it be understood that to speak of data in physics is to 
speak of a ors dl narrow and limited kind of thing, for data 
are conceivable only where measurements can be made 
or where we have, contrary to Bacon’s exhortation, ac- 
ap a dream of fancy for a model of the world. 

n that branch of mathematical physics which is called 
statistical mechanics and which includes the atomic 
theory, we speak of the complection of a system when we 
wish to refer to the positions and velocities of all the ele- 
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ments or particles of the system. _ Let us use this word in 
the statement of the postulate of indeterminism. The 
complection of the world to-morrow is not determinate—that 
is to say, it does not grow out of the complection of the world 
to-day as a single-valued determinate thing. This is a pos- 
tulate which, as it seems, must be accepted as a workin 
hypothesis in the ‘‘extra-equilibrium”’ world, the worl 
of actual happenings, where things never do stand still 
but go forward by fits and starts impetuously and 
beyond all control. 


The conception of a physical system as an atomic aggregate 
and reason for steadiness of behavior. 


Let us consider a body of gas in a closed vessel. Ac- 
cording to the atomic theory such a gas is an aggregate 
of a vast number of minute things sat conditions, no one 
of which ever exercises a dominant influence upon the 
behavior of the system. Therefore, according to the 
principles of probability, the body of gas should present 
a remarkable steadiness of behavior and this steadiness 
of behavior should be more and more nearly complete 
the greater the amount of gas and the longer the time 
over which the behavior is averaged. 

But suppose a state of affairs could be brought about 
in which a single one of the minute elements or conditions 
could be made to play a preponderating réle in the be- 
havior of the gas like the above-mentioned Idaho grass- 
hopper or the Arizona fly. Then the gas would be 
extremely erratic in its behavior and the kinetic theory 
of such a gas would have to be something more than a 
straightforward development of the simple principle of 

robability to be of any great service. We would be 
interested in peculiar individual tricks of such a gas, and 
it is conceivable that these tricks might be infinite in 
variety. Mere averages, even mere averages qualified 
by probable departures, would be of little significance. 
A particular trick of the gas might be dependent upon the 
sudden dominance of one peculiar element or condition, 
and this particular trick might only occur once in a 
thousand years. Once in a thousand years, and we 
might be concerned with the behavior of the gas to- 
morrow. ‘The only help in this case would be to study 
individual tricks with great care and patience and thus 
be able to recognize a particular trick in its incipiency 
and anticipate more or less accurately its future details 
of development. Classification studies of the most ex- 
haustive sort, the recognition of certain type tricks and 
the correlation by probability methods of the details of 
development and extent of departures of an individual 
from normal or type should be made. 

Imagine the gas, for example, to be slowly changing 
through a long series of equilibrium conditions, and 
imagine each of these sdldeiiteas conditions to be in 
danger of breaking, as it were. Thus the containing 
vessel might be imagined to change its shape and tem- 
perature in a most complicated manner, growing thin at 
certain places and in danger of rupture and the gas might 
stream from one portion of the container to another and 
develop unstable states of motion which might break asa 
vortex sheet is known to break. This highly fictitious 
example is given to lead up to a fairly adequate state- 
ment of a very important bas as follows: Any adequate 
statistical study of the behavior of a system which depends 
upon highly heterogencous erratic elements must use exhaus- 
tive classification studies. To be content with averages 


and departures derived from inadequately classified data 
would in such a case be as ineffective as to ignore the 
existence of species in the study of living forms. 
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Meteorology has for many years been, one might almost 
say, the only branch of physics concerned with actual 
happenings, and the statistical methods which have been 
used in the past have been too much of the kind that are 
applicable to a homogenous aggregate of erratic elements. 
Statistical meteorological studies have in most cases 
involved the leveling process of simple averaging, whereas 
the conditions would seem to require classification, classi- 
fication ten thousand times more exhaustive than any 
hitherto made. Of course there is some interest attached 
to the average in meteorology because systematic differ- 
ences and rhythmic changes which are extremely im- 
portant are discovered in this way, but even such things 
would be more easily detected if the averaging process 
were based upon a much more exhaustive scheme of 
classification. In thinking of emigrating to Mesopotamia 
after the war, the writer has wished to know what the 
average weather conditions there might be for a lifetime 
or two, but as a resident of Boston, he is chiefly concerned 
with the variations of Boston’s weather. Will the late 
frosts next spring deprive him of apples? Will 
winter’s cold make him wish he were in Florida? And if 
he should be driven to Florida what weather weleome 
would he get there? It is certain that the most impor- 
tant phase of meteorology is to deal with particulars and 
not with averages, and its ultimate aim is weather control. 

Saying very little, therefore, of the need of researches 
of the classical kind in meteorology, for everyone recog- 
nizes this need, let us point out what seems to be most 
urgently needed in the most difficult phases of the sub- 
ject and we make the statement brief in the hope that it 
will be interpreted with the help of what we have said 
concerning the new point of view that is developing 
among physicists. 

Three fairly distinct objects are to be attained in the 
analysis of weather observations, namely: 

(a) The determination of systematic variations in 
time and place. This object has long been recognized 
by meteorologists. 

(b) The elaborate classification of individual storm 
movements with respect to a great number of measurable 
or specifiable characteristics, and the establishment of 
statistical coeflicients of correlation between the charac- 
teristics of a given type of storm on successive days so 
that weather predictions can be made and qualified, as 
they should be, by probable departures. This object has, 
of course, been recognized by meteorologists but we be- 
lieve that classification studies should be very greatly 
extended." Effective schemes of classification can only 
be developed under the stimulus of intensive study of ac- 
tual weulee conditions (weather maps, let us say). This 
sort of study might properly engage the whole time of a 
large staff of men, and probably the observational work 
ae instrumental equipment of the Weather Bureau 
would have to be altered in response to the clearly con- 
ceived demands for new kinds of data. 

(c) The intensive study of weather conditions should 
lead to a clear recognition of critical conditions in a given 
storm movement (conditions of static or dynamic insta- 
bility) and make it possible to devise means for control- 
ling the storm movement by the suitable expenditure of 
very moderate amounts of energy at the critical time and 


11 Some of the more recent classification studies are as follows: Bowie, E. H., & 
uwon R. H.: Types of Storms of the United States and their Average Movements, 
M.W.R. aa 1, 1914; Types of Anticyclones of the United States and their Average 
Movements, M. W. R. Suppl. 4, 1917. 

Henry, A. J., Bowie, E. H., Cox, H. J., & Frankenfield, H. C.: Weather Forecasting 


in the United States, W. B. Pub. No. 583, 1916. 
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lace. Anyone who has seen an old-fashioned prairie fire 

rought under control by carefully considered backfiring, 
and who recognizes the meanings of static and dynamic 
instability in their influence on a complex physical system 
like the atmosphere, will accept this idea of weather con- 
trol as a legitimate conception, to say the least. Whether 
it can ever be actually realized, however, is another thing; 
but it seems well worth the attention of the meteorologist. 
Although every atmospheric movement may, perhaps, 
be properly thought of as the collapse of an unstable 
state, it is geobiabhe that such collapse is already well 
under way in the earliest stages ' of every movement so 


that extremely critical states may never develop. There-. 


fore the energy required to control a storm move- 
ment might always be considerable in amount from the 
human point of view, although extremely small as com- 
pared with the total energy of the storm movement itself. 


DYNAMIC HEATING OF AIR AS A CAUSE OF HOT VOLCANIC 
BLASTS. 


By Georce N. Core, M. E., Associate, American Society of Civil 
Engineers. 

Probably there is no field so virgin or inviting for scien- 
tific marshaling as that part of the meteorological domain 
which has to do with atmospheric phenomena caused by, 
and following, volcanic eruption. Mts ramifications reach 
from the vapor condensation and electrical effects of the 
storm to the dynamic record of the destruction of things, 
animate and inanimate, that fall before it. At the 
eruption of Mont Pelé 30,000 human beings were 
killed in an instant under most appalling and marvelous 
circumstances, yet not a single autopsy was performed 
and no tee: account can be found that assigns a 
sure explanation of the cause of death. 

In a previous paper ' the writer has quoted at length 
eminent authorities who set for themselves the question, 
‘What causes the deaths?’’, and all give practically 
the same answer, “The hot blast, bearing sand and 
steam from the volcano”. This is corroborated by the 
learned Viennese geologist, Prof. E. Suess, and by B. 
Koto,’ of Japan, who refer to the “hot vapors and steam 
cloud of Mont Pelé.” 

It will not be the function of this paper to inquire into 
the ordinary smoke, vapor, and electrical effects of the 
eruption. They are probably of the usual nature of 
storm phenomena, greatly intensified by the magnitude 
of the action, which involves great differences in tempera- 
ture, with unusual volumes of water and volcanic matter. 
Our task will be an inquiry into those blasts which, with 
swift and stifling stroke, rend, burst, blister, ignite, and 
upheave all that oppose them till their fury is dissipated 
by distance and their ardor cooled by mixture. 

Voleanoes are not laboratories. They can neither be 
selected in advance with even approximate certainty, 
nor can safe stations for apparatus be chosen. After 
the experiment, physical and biological changes of 
enormous magnitude must be read in terms of analogy 
from our experience. 

Just after the Martinique disaster it was related to the 
writer that bodies had been found apparently unharmed 
and untouched except for blisters and burns and that 
these blisters were under clothing, at times as frail as 
lace, that showed no trace of fire or scorch, nor were 
there contiguous evidences of fire. These people had 


12 The discussion of simple sweeps and of steady sweeps on pages 154-155 of Franklin 
and MaecNutt’s General Physics will help to make this clear. 

1 Scientific American ~ ee May 25, 1918, 85: 334-336. 

2 Tokio Imp. Univ., Coll. of Se. Jour., 38, 1916-17, art. 3. B. Koto, p. 71 
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been killed in some mysterious manner, just as_ the 
people of Pompeii and Herculaneum had been killed, 
stopped on the instant. The cause of death was 
ae in the recent case, as in the earlier. We 
believe it was the adiabatic compression of the envelop- 
ing air, with its consequent rise in temperature, that 
stifled and killed, in almost a twinkling, the victims of 
Mont Pelé and Vesuvius, of Taal, and Sakura-Jima. 
The problem is of vital human interest. 

Such heating by compression was first advanced by 
the writer shortly after the Martinique disaster as the 
explanation of the death and blisters Reosuth untouched 
lace before alluded to, but it has been the desultory 
work of years to assure oneself of the originality and 
worth of the conception and to accumulate in a small 
way the analogies from authentic sources and broadcast 
experience which would insure its acceptance. 

Let us consider, first, the physiological and structural 
effects of the hot blasts; second, from these let us stipu- 
late what conditions of pressure, winds, and tempera- 
tures would be necessary to produce such effects; and 
third, let us compare such conditions with those which 
occur on a smaller scale in explosions of known intensity. 

The physiological, or rather pathological, effects of the 
hot blasts seem to be both those resulting from rise in 
temperature and from the rise and fall of pressure as an 
explosive wave passes with greater or less rapidity. 
Observers have reported cases of the destruction of mate- 
rials varying from practical annihilation to the case of 
lace and fine cloths untouched, over bodies blistered and 
killed. Trees are cited,* denuded of bark, with their fiber 
cut and shredded as by a sand blast. This is probably 
the manifestation of some such action as that which pops 
corn or puffs rice when the pressure is removed after 
heating and compressing the included juices or moisture. 
As to heat actions on man and brute, they are reported 
and photographed in great quantity and variety. 

Mr. George Kennan in his Tragedy of Pelée reports 
quite extensively, among other interesting data, the in- 
terview with one, Caparis,* who was a negro town char- 
acter at St. Pierre incarcerated for some minor offense. 
For attempting to escape the day before the disaster he 
was put into a deep dungeon for safekeeping and punish- 
ment. He was the only being of some 30,000 in St. 
Pierre who survived. Some persons doubt the existence 
of this negro, but my friend Walter C. Harris, with Louis 
Siebold, both of the New York World, state that while 
they did not see the man—they left in an hour and a half 
after arrival to escape the second eruption—they were 
given a photograph of him, of which I have a copy; and 
the story of him was so circumstantially told to them 
by different natives as to be true beyond question, and 
has recently been verbally confirmed to me by Mr. Lyder, 
who was a member of the Barbados Government relief 
expedition. 

This man Caparis, Mr. Kennan tells us, had been burnt 
so deep that blood oozed from his wounds, and yet his 
hair was untouched, as was also the shirt covering the 
burns on his back. Caparis told him that he heard no 
explosion and smelled no odor of sulphur. He was in an 
underground cell with a door grated in the ying part 
and the air and dust came through and burned him. He 
heard no noise, saw no fire, and smelled nothing except 
what he thought was his own body burning. The water 
in his cell did not get hot, or at least it was not hot when 
he first took a drink, after the catastrophe. 


* Dean C. Worcester, Nat. Geogr. Mag., Apr., 1912, Taal Volcano, p. 345. 
4 Tragedy of Pelée, George Kennan, 1902, p. 74, and following. : 
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In the Philosophical Transactions of the Royal Society 
of London (vol. 200 A, 1903) Drs. T. Anderson and J. §. 
Fleet in their article ‘‘On the eruptions of the Soufridare 
and on a visit to Montagne Pelée in 1902,” pages 353-553 
and plates, give much valuable information and data. 
This supports the theory of the dynamic heat of compres- 
sion, although it did not occur to them, and they cling 
to the older theory of black cloud, hot sand, and steam. — 

Their observations and statement as to the black 
cloud are the most minute we find, and are quite inter- 
esting. The cause of this black cloud, also alluded to 
by others, is not entirely clear to the writer, but may 
probably result from the formation of the enormous 
quantities of dust made by the solidification or conden- 
sation of the liquid and gaseous material which exploded 
violently on the release of pressure when saehed from 
the crater. It may also be that the high density of the 
atmosphere as it comes under compression would so 
vary its refraction, especially with its undoubtedly dis- 
turbed surface, as to cause it to become nontransparent 
and dark. Another factor in the production of the black 
cloud must be the dust blown up from the surface by 
the tremendous wind. 

Their report notes in one instance sufficient heat in 
ashes to scorch a negro’s skin but not for two hatfuls of 
the same hot ashes to singe his hair. Their records of 
pages 396-398 strongly illustrate experiences on the 
outskirts of the danger zone of an eruption, especially 
their reference (p. 398) to the Fancy estate: ‘‘ Those who 
escaped were badly burned mostly on the hands, the 
feet, and the face, but others also on parts protected by 
clothes, though their clothing was not scorched or ignited. 
The dust in the cloud was not red hot and consequently 
did not set anything on fire, the burns being apparently 
due to steam and other gases.’ The italics are our own. 

The other extreme of burning observed after such 
volcanic blasts is that in which torsos of bodies burned 
beyond recognition with the cement of sand on them after 
burning are found in situations where all wood and 
inflammable material was likewise ignited and consumed. 
One case of disrupted bowels is cited in the Century 
Magazine for September, 1902, which may have been the 
result of flatulence and a sudden reduction of pressure 
after the pressure blast. 

Destruction of material objects shows the action 
of a tremendous blast from the direction of the crater. 
Ground plans have been plotted for numerous eruptions 
and they show irregular, but, in a measure, concentric 
fields. Photographs taken of volcanically destroyed 
localities also show these nicely graded zones of destruc- 
tion from that of utter havoc nearer the crater, to those 
exterior zones where whole villages are still partly stand- 
img with walls destroyed across the line of march of the 
pressure front, but with walls which coincided with the 
direction of approach of the pressure preserved. Dr. 
K. O. Hovey in his remarkable aaa 8 of St. Pierre, 
Martinique (Bull. Amer. Museum of Natural Hist., Vol. 
XVI, plates), states in description of Plate XLV: “ Ruins 
of St. Pierre from the south—the north and south walls 
have been injured by the eruption less than the east and 
west walls.’ It will be noted that the crater was situated 
to the north of these walls. He also exhibits photographs 
showing trees all thrown down in a direction away from 
the crater. 

Observations leave no doubt that there is a tremendous 
hot blast with a great wave of pressure emanating from 
the crater generating a terrific compression with its 
attendant high adiabatic temperature since there is little 
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time for dissipation of this heat. This compression of 
gases at the crater is accomplished by three actions: 

First. The magma of the volcano approaching the 
outlet as a liquid, due possibly to some modification of a 
deep internal regelation, under heavy pressure and with 
intense heat is probably in the condition of the water in a 
boiler exploding under such intense pressure and its attend- 
ant temperature that the heat contained in the water causes 
the whole of the water to flash into vapor. By analogy 
we may possibly conceive of the ejecta of the volcano 
being entirely vaporized on its release to external 
pressure, later, on condensation, to become the sand and 
grit that covers the landscape. ‘The mechanical extrusion 
of this vapor in itself makes the first wedge to crush the 
air into compression before it. : 

Second. The heat of this extruded matter, even after 
the expansion of emission, in its action on the sur- 
rounding air will cause it to expand, as the air in a 
back draft at a building fire, so that the expansion of 
the air itself will cause the air retaining it to be thrown 
into compression. 

Third. Someof the extruded gases may be inflammable, 
and by their conflagration cause further heat and expan- 
sion, Which will bring to bear further action compressing 
the outside counteracting atmosphere. 

These three causes combine to give a drive and pres- 
sure to the retaining atmosphere beyond anything 
obtaining in other atmospheric disturbances both as to 
velocity and temperature. 

This gives rise to destruction as complete in the outer 
zones of action as if done by a tornado. The velocity 
of the wind near the crater 1s incalculable, but must be 
of the order of more than 100 meters per second. ‘The 
temperature of the gases, likewise incalculable at the 
crater, must range from 500° or 1,000° C., or beyond, to 
200° or 300°C., where things are charred, and to over 60° 
C., where people were burned without their clothing having 
been affected. Furthermore, such temperatures must 
have been maintained for a time sufficient for the sur- 
faces to get warmed to a temperature sufficient to pro- 
duce the observed burns. It is a matter of common 
experience that ~~ a second or two is enough for 
hot air to produce a burn and less than a second for steam 
to scald, while it may take some considerable time for a 
third-degree burn or worse. 

Macleod, in his ‘ Burns and their treatment,’ of the 
Oxford War Primers, gives us the discussion from 
which the following notes are taken: A burn is caused 
by a dry beat of about 140° F. (60° C.) and above; a 
scald by 125° F. (52° C.) and over. The degree of se- 
verity is dependent on-—temperature, area exposed, and 
duration of exposure. The area affected is more serious 
than the pho 4 of the burn. Six degrees of burns are 
recognized: (1) From a temperature of 140° F., redness, 
slight edema (effusion of serous fluid), smarting, and 
tenderness; (2) from 160°-210° F., marked blisters, 
protoplasm coagulated; (3) above 210° F., hard crust 
or scab is formed; (4) longer exposure to high tempera- 
tures, disintegration of skin tissues; (5) still longer 
cooking, with disintegration of muscles; (6) higher 
temperatures, carbonization. Burns involving more 
than one-third of the surface of the body are serious, if 
not fatal, and those involving one-half are almost invari- 
ably fatal. The more intense degrees of severity of 
burns would naturally take some time for their ac- 
complishment and might be a measure of the duration 
as Well as intensity of the heat involved. Mucous mem- 
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branes are also seriously affected by the inhalation of 
the hot vapors. As the temperatures increase, hair and 
eyelids, ears and nostrils, will be affected. Thus from 
the observed effects we have a rough basis for judging 
the temperatures which occurred. 

To estimate the increase of pressure in the compres- 
sional wave, we can use (1) the strength of the blast 
produced; or (2) we can estimate how much increase or 
decrease in pressure would produce the collapse or ex- 
plosion of buildings, trees or people; or (3) if we assume 
the high temperature to be wholly a result of adiabatic 
compression, we can use the estimated temperatures as 
a rough basis. Let us consider each. In an explosive 
wave it is probable that the pressure front in the de- 
structive zone moves at a velocity greater than that of 
sound, or at a speed perhaps of 400 meters or more per 
second, varying with the actuating force, and having a 
destructive force inversely proportional to the distance. 
Thus the wind speed, no matter what the gradient, 
could attain a velocity of 400 meters per second were it 
not for viscosity and friction. The explosive effect of 
tornadoes seems small compared with that of the passing 
explosive wave with its hot blast, until its force is about 
dissipated. Barograph traces made at a slight distance 
from tornadoes Gwe shown pressure reductions as 
great as 10 per cent, and it is presumed that in the 
tornado itself the reduction may be much _ greater. 
A release in pressure so great as this is capable of ex- 
pen aihines and probably also is able to explode 

ark on trees and to kill people, although it has none 
of the marked heat effects of the air compression. An 
explosive wave, however, is astudy of much higher com- 
pression and its reduced pressures follow necessarily from 
the fact that there is the preceding compressional wave 
by virtue of the air from behind being thrust into that 
in front. The compressions we are considering are those 
involving some little length of time and magnitude of 
expression, before the action has so expanded as to be 
& mere wave motion. Our thesis covers the part of the 
field of action outside of total destruction, where heat 
effects are of such modified intensity and duration as to 
leave observable effects on material and living objects. 

On man and brute in this zone the sudden rise in 
pressure, aside from its heat effects, must be indescrib- 
ably worse on the eardrums than going through an air 
lock in caisson work. Lung and heart action must be 
stifled since the ordinary maximum difference between 
the inside and outside of the lung wall, on strong stopped 
expiration, is from 60 to 100 mm. of mercury, or about 
one-tenth of an atmosphere. Then, depending on the 
length of application, in case the subject can breathe at 
all, is the absorption of air into the blood, with the con- 
sequent liability to “bends” on release. On the relax- 
ation of this pressure, with its consequent relative 
vacuum, all the contained air in structure of plant or 


_body becomes a bursting charge if not sufficiently 


secured. In animals, even if there is no explosive effect, 
the nitrogen will form bubbles in the blood if the pres- 
sure has been sufficiently prolonged, and in this. way 
clog the circulation and cause duath. 

The pressure necessary to cause the different degrees 
of heat, if we assume (as is reasonable with such sudden 
compression) that the heating is adiabatic, or without 
loss of heat during compression, may be determined 
from the well-known gas formulas. 

The relation between temperature, pressure, and volume 
of air at the beginning and ending of adiabatic com- 
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ression (or expansion) can be deduced from Charles’ and 
oyles’ Law as follows: ° 
According to these laws 


whence 


or 


In which a is the exponent of adiabatic compression, 
1.406, and is the ratio of the specific heats of air at con- 
stant pressure and constant volume. 
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Fic. 1.—Temperature changes under adiabatic compression. Adapted from Thurs- 
—_- Correction: Change 81° F., 261° F., and 441° F. to 80° F., 260° F., and 
440° F. 


Combining (2) and (4) 


(y) 


whence 
n-1 

and 

or 


‘From Simons’, Compressed Air, p. 26. 
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from equation (3) 
or 


whence 
(. V 1 
V; Pr 


and combining with equation (5) 


-(7) 


Based on these equations, a general summary of the 
relations between pressure and temperature in adiabatie 
pressure changes is shown in Table 1 and Figure 1. 

1.— Temperatures in adiabatic compression or expansion. 

{Adapted from tables by R. H. Thurston, 1874.] 
In these tables the temperatures are slightly inaccurate, absolute zero being given 


as —274° C, and —461.2° F., instead of —273.1° C. and —459.6° F. 


Pressure. Temperature. 


Pounds per square 


imen, 

Ab olute Gauge. 

—10 34 62 212 
Ww - 5 5 15 2509 
15 0 1,035 63 17 201 
20 5 1,380 109 43 317 
25 10 1,725 i47 65 329 
30 15 2,070 180 S2 356 
40 25 2,760 236 114 387 
50 35 3,450 282 130 413 
75 60 5,175 375 190 to4 
100 85 6, 500 447 231 505 
SOO 485 32, 500 GSS 531 SOS 
1,000 985 65, 000 1,258 651 955 


This table shows at what relatively low pressures, added 
to the atmospheric pressure, severe temperatures are 
reached. To make this more closely applicable to the 
conditions which probably prevailed at St. Pierre, let us 
assume that the original temperature was about 80° F. 
and the original pressure somewhat below the mean for 
sea-level, say, 1,000 millibars (equivalent to the pressure 
shown by a barometer reading, 750.1 mm. or 29.53 inches). 

Table 2 shows what pressures would be necessary to 
produce the temperatures required for burns of the first 
degree, of the second and third degrees, and of the sixth. 


TABLE 2.—Temperatures in adiabatic compression or expansion. 


{Initial temperature, 27° C.; pressure, 1,000 mb.]J 


Pressure. Temperature. 


Pounds per square 


| inch. 
| Absolute. | Gauge. 

14.5 —0.5 1, 000 81 27 300 

21 6 1,430 140 60 333 

31 26 2, 120 212 100 373 

70 55 4,806 392 200 473 


In other words, if the observed burns were due to tem- 
peratures produced by the heat from adiabatic com- 
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pression, there must have been a pressure of about five 
atmospheres for the charring, a pressure of over two 
atmospheres for the severe burnsj and a pressure of at 
least one and one-half atmospheres where there were 
superficial burns, provided that the pressures stated 
lasted for something like a second. 

There ave many examples of this adiabatic compression 
of air with its resulting heat, e. g., the heating of the old 
bicycle pump in the hand when in use is probably the 
most intimate; the fire-cylinder experiment of the 
physical laboratory where the piston of a closed cylinder 
is pushed down so far and so quickly that a bit of tinder 
in the compressed-air chamber bursts into flames; the 
Diesel motor which is actuated by the explosion of oil 
ignited upon being sprayed into air a ay adiabatic- 
ally to a very high temperature. Each detonation of a 
high-explosive shell has about it the various zones of its 
own hot gases and the counteracting compressed hot air 
of a miniature eruption. So that with these and other 
examples it is a Peat of which we have experienced 
various analogies and in its lighter stages is readily com- 
prehensible. The heavier manifestations of this heat 
are more difficult to fathom. Mixed as they are with 
the equally terrifie results of air motion there is good 
reason for there having been no previous differentiation 
of their coincident effects. 

The observed phenomena, then, show that the hot 
volcanic blas® is characterized by s wind velocity ex- 
ceeding 100 meters per second, by temperatures from 
above 200° C. down to 60° C. within a zone of several 
miles, and by a pressure wave which probably ranges 
from a pressure of one and one-half atmospheres to one- 
half an atmosphere, and which may have a pressure of 
more than five atmospheres. 

The cause of such a blast is obviously a tremendous 
explosion, however undeterminate, exerted upward, but 
conforming, in a measure, to the effective axis of the 
outlet, the whole process being lable to distortion, due 
to the barricading of crater walls and mushrcoming, 
due to diverse air strata encountered. This explosion 
throws solid and liquid Java and hot gases in all direc- 
tions. It sends out at a tremendous velocity a great 
compressional wave with an approximately sphericel 
front. Such explosions can throw rocks more than 30 
miles, and the liquid lava makes almost unbelievable 
quantities of volcanic dust. The h t gases are forced 
to not great distances. The explosive surge has an 
unknown change of pressure. It is obvious, however, 
that an explosion of such intensity as to make appre- 
ciable pressure waves encircle the earth, as at the 
time of the Krakatoa eruption, must produce a tre- 
mendous initial wave cf compression and expansion, 
the initial compression being of some duration, de- 
pending on the suddenness and persistence of the source 
and the following rarefaction conforming to it in 
magnitude. 

The amount of pressure will probably never be deter- 
mined. !n the great Krakatoa explosion an island dis- 
appeared and a boulder was hurled over 30 miles, ascend- 
ing 30 miles in its fiight and surpassing our usuel 16-inch 
eun to an incalculable degree. Since the missile was 
fired by a flare or explosion rather than within a rifled 
barrel, the intensity must have been incalculable times 
that of a great gun. 

Let us turn to the causes for the various grades of 
destruction. Those near the crater are due to the ex- 
ylosive action and heat of the gases as they emerge. 
‘hese gases hurl and burst the material of the mountain 
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so as to obliterate or cover it in an indescribable manner. 
But these gases and missiles do not of themselves neces- 
sarily range far in their travels. The wide damage 
seems to be done by the action of the surrounding atmos- 
phere, through which moves the compressional action 
produced by the explosion. 

Quoting from the second volume of Marshall’s Explo- 
sives (p. 621), recently issued,’ we find that— 


Experiments have been carried out at various times and places 
to ascertain the distances at which explosives will produce a specific 
effect according to the quantity of explosive vid g In the French 
experiments different quantities of the various explosives were ex- 
ploded in the open, and at various distances a number of little screens 
were erected, so arranged that the same degree of force would cause 
each of them to fall back. It was thus possible to ascertain the dis- 
tances at which the same effects were produced. The most simple 
theory would lead one to expect that the distance would be propor- 
tional to the square root of the weight of the charge. These experi- 
ments, which were carried out with quantities of 0.1 to 100 kg. of melin- 
ite, 150 kg. of chedite, and 300 kg. of gunpowder were in agreement with 
this theory. They were confirmed by trial in which small huts with 
glass windows were exposed to the effects of the explosives at various 
distances. 

This rule is expressed by the equation d= Kyc, where d is the dis- 
tance, c is the weight of the explosive, and K a constant depending 
on the nature of the explosive and the sort of damage considered. 

For high explosives causing the breaking of window panes and 
slightly injuring the frames and wooden walls K=10, about, the 
distance being measured in meters and the charges in kilograms. 
L’Heure also determined the velocity with which the impulse of 
explosives is transmitted through the air. Near the seat of the explo- 
sion the velocity is much greater than the normal velocity of sound, 
but it falls off rapidly and at about the distance at which window 
panes are no longer broken the velocity is the same as that of sound. 
The more brisant [sharper] the explosion the greater is the initial 
velocity of the impulse. Increase of the quantity of the explosive 
does not seem to increase the initial velocity but it causes the rate 
of diminution to be less. 

For small quantities of explosive the distances of equal effect are 
nearly proportional to the cube root of the weight of the explosive and 
for very large quantities the variation of the distance is more nearly 
proportional to the increase of the weight. 

The gases formed in powder explosions are projected to compara- 
tively small distances. When 7,000 pounds of gunpowder exploded 
at Faversham, England, and the conditions were peculiarly favorable 
to lateral projection, the scorching effect did not extend over 50 yards, 
whereas serious structural damage was done at 283 yards and windows 
were broken at a mile. 


Could not some computations be made to show the 
amounts of pressure change accompanying explosions of 
varying intensities, and to show the damping effects of 
the atmosphere on such compression waves? From such 
it might be possible to compute the initial intensity of 
any explosion from the distance to which the destructive 
effect reached. 

In the volcanic eruption the question is, Do the hot 
crater gases actually sweep down the mountain as a 
withering blast effective for miles around? If not, the 
hot blast must be the result of compression on the front 
of the explosive wave. The fact of pressure disruption 
of trees, buildings, and even of men, and the reported 
compression of the air in Caparis’s dungeon, and the 
burns under clothing indicate a pressure wave of suffi 
cient magnitude to produce the observed heating and 
wind effects. A blast of hot gas would, however, also 
be accompanied by a pressure wave, though not so in- 
tense as the explosion wave. Since, however, in many 
devastated locations no gases were smelt so far as known, 
it seems reasonable to explain the hot blast as the result 
of the passage of a tremendous compressional. wave 
traveling at a speed exceeding the velocity of sound 
(which is about 335 meters per second). Such a wave 
would kill by compression and rarefaction as well as by 
burning. The duration of the high pressure at any 


7 Explosives: Arthur Marshall, P. Blackiston’s Son & Co., 1917. 2 vols. 
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spot may be as much as a half or even a whole second or 
longer, depending, upon the persistence of the source. 

o prove this point, further observations of the in- 
tensity and duration of the explosive wave are neces- 
sary. The destructive forces in play make observa- 
tions impossible. Instruments set to register and yet 
resist demolition, in case the time and place can be fore- 
told are the best that can be hoped for. These instru- 
ments should be designed to register pressure, duration, 
heat, and if possible gather some of the atmosphere. 
Much ingenuity will be required in the design and mak- 
ing so that they will be indestructible, self-contained 
and yet give access for calibration and for reading and 
determination. As an initial suggestion, and for want 
of better, it is believed that pressure can best be deter- 
mined by an aneroid cell of heavy metal with copper 
points within it, attached to either plate, ionnend for 
indentation. Possibly the cell can be screwed together 
by threads in its cylindrical part, thus allowing proper 
setting, testing, and reading. The indenting = 208 
might be widely conical with a spiral ridge. There 
could be used also containers set with a spring plug 
that would allow entrance of air or gas at given pres- 
sures but stopped for egress. These if exhausted when 
set would keep air samples and might retain their maxi- 
mum pressure. 

Duration of pressure might be obtained by a timing 
mechanism within a strong capsule which would be re- 
leased for motion while the pressure is acting on the 
plates of the container. 

Temperatures and heat would probably be best regis- 
tered by their effects on exposed objects since the action 
may be too speedy for other registration. Thermopiles 
might be arranged to register their throw or to dent 
their difference of expansion. 

Records, after all, will generally be obtained by visits, 
as soon as may be, to fields of action, and by the preserva- 
tion or the measurements and description or photographs 
of specimens, also by attempting through physical and 
chemical processes to duplicate observed changes. A 
special set of apparatus that will register results in the 
midst of great pressure disturbance will need to be 
designed, in case it is thought it can be advantageously 
placed. 

How can safety be achieved? With a wave traveling 
at such a termendous speed there is little chance to seek 
safety; but presuming it is possible, all of three things 
are necessary in a “volcano cellar” —stability, heat insu- 
lation, and pressure insulation. If one is inside the 
danger zone none of the above can be overlooked. On 
the outskirts of devastation, cellars, dungeons, caves, 
wells, or cisterns may help some, but it will all be a matter 
of the severity of the pressure at that particular place. 
If the pressure comes on it will heat the air of a cavern 
a hundred feet underground. For protection is simply 
a case of having heat absorbed by surrounding objects 
or by sprayed water faster than it can be generated by 
the compression. 

A form of protection could be secured by the firm 
placement of a steel chamber, such as is used about caisson 
contracts for the treatment of those taken with caisson 
disease or bends. Such an air lock securely placed, 
heat insulated, and with air-tight doors, would be a 
safe refuge, provided the strain on it was not too great 
in any one of the three essentials. Crusher gages such 
as are used in rifles could be operated in its shell. 
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No matter what prepared protection there might be, 
a previous, sinaunach wetting of the body might be a 
protection against burning from air in case it is hot only 
about a second. In some therapeutic treatments, the 
body covered with wet clothes is exposed to tempera- 
tures up to 200°C. — If there are poisonous gases there 
would be little chance for escape without a gas mask 
as well. 

The whole mater is in a formative stage. That heat of 
compression is the large fatal factor to man exposed to 
eruptive volcanoes seems most probable, for the ex- 
plosions are probably great enough to produce a pressure 
wave capable of heating the air to 60° C. or more for 
miles from the source. That this compression ignited 
buildings and ships, crushed in the hatches of the steam- 
ship Roraima,* denuded trees and shredded their pulp, 
is almost as evident. Furthermore, nicely graded effects 
could not have been accomplished by the ravage of hot 
or flaming crater gases. What can be shown by close 
and immediate inspection will develop. Heaven grant a 
long wait unless it be another Katmai without casualty. 


DISCUSSION, 


Theoretically, temperatures exceeding 200°C. may 
accompany an explosive wave of volcanic intensity. 
The sheckete temperature of a gas varies as the total 
kinetic energy of the gas, i. e., as mv* in @hich m is the 
total mass of the molecules, and v is their average velo- 
city. This kinetic energy can be raised by increasing 
the mass ina given volume without changing the velocity 
or by increasing the velocity by adding heat or moving the 
gas forward at a velocity exceeding the average molecu- 
lar velocity. 

According to Watson's physics,* page 171, the average 
molecular velocities of a few gases at 0°C. are as follows: 


Meters 
per 
second. 


Since air is approximately four-fifths nitrogen and one- 
fifth oxygen, the weighted molecular velocity at 0° C. 
is about 485 m./s., or at 27° C. (300° A., 80° F.) about 
510 m./s. 

Suppose, as seems possible, an explosion actuating the 
air for one second pushes the immediately surrounding 
air forward at a volocity of 510 m./s. If the next zone 
of air did not move while this air in motion was driven 
into it, there would be at the end of one second a zone of 
air 510 meters thick in which the kinetic energy has been 
doubled because the mass of air in that zone has been 
doubled, theaverage molecular velocity remaining thesame. 
(Relative to a stationary object the kinetic energy of a 
passing blast would be still greater.) The absolute tem- 
perature would, therefore, be doubled, i. e., 600° A. Such 
a temperature obviously would not be reached, for the air 
into which the explosive surge was driving would give way 
to some extent. rf half of it got out of the way, the tem- 
perature would be 450° A., and if even 85 per cent were 
driven forward the temperature would still rise high 
enough to burn people.—C. F. B. 

® Chief Engineer Scott, Eruption of Mount Pelée, Cosmopolitan, July, 1902, p. 250. 
* W. Watson, A Textbook of Physics, London, 1900. 
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By P. W. Erxgs, Met. Serv. 8. C., and C. F. Brooxs, Meteorologist. 


[Dated: Washington, D. C., Nov. 14, 1918.] 


Observation of the form of the smoke line issuing from 
a tall stack will give the aviator considerable information 
concerning the flying conditions in the lower 100 meters of 
air. The form of the smoke line issuing from a, tall stack 
is a function of gustiness, turbulence, convection, and 
gravity. Askle from the effect of the wind, heated smoke 
will rise rapidly and later the particles may settle to the 
ground, Wind blows the smoke from the top of the stack 
and usually determines the angle of ascent. Gustiness in 
the wind varies the angle of rise and makes apparent 
waves. Local up-and-down movements either from tur- 
bulence produced by the irregularities of the earth’s 
surface, or from local heat convection will accentuate the 
wavelike form produced by gustiness. Turbulence will 
dissipate the smoke quickly. There seem to be six or 
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seven types of smoke form (see figs. 1-7). Let us con- 
sider each type, numbered according to the figures: 

1. Calm.—In a calm, the smoke will issue vertically at 
an initial rate of two or more meters per second; but it 
will soon stop, as cooling, chiefly by the expansion of the 
heated gases and by mixture with the surrounding air, 
reduces the temperature of the smoke to that of the 
surrounding air, and allows the smoke particles to begin 
to fall. 

2. Light, steady wind.—TITf there is a light, steady wind, 
the cooling by mixture goes on so rapidly that the smoke 
rises perhaps for less than a minute, and then very slowly 
falls. As may be observed often, the smoke will maintain 
itself in two proximate, parallel lines formed by the 
opposite, outward curls made when the smoke Jeaves the 
stack. At night, the smoke will travel miles and ulti- 
mately collect in a sheet marking the upper boundary of 
the nocturnal inversion, where the smoke particles in the 
undisturbed sheet fall but slowly through the dense air. 

3. Light, gusiy wind.—Figure 3 is theoretical, for gusti- 
ness is probably never found without vertical movement 
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SMOKE AS AN INDICATOR OF GUSTINESS AND me 
CONVECTION. 


of the air. There are times, however, when vertical 
currents seem to be much less effective than horizontal 
changes in velocity in producing the observed smoke 
curve. When a gust blows across the top of the smoke- 
stack the smoke is blown off nearly horizontally and 
immediately begins to overtake the smoke which just left 
at a smaller velocity. In the lull which follows, the 
smoke may rise at an angle of 45 degrees and thus reach 
an elevation 20 or more meters above the smoke blown off 
in the gust. Another gust following sends the smoke off 
horizontally again. In this way, an apparent series of 
‘“waves”’ is formed, in which, however, there is no vertical 
motion except where the smoke issues from the stack. 
Because of relatively slow movement, the crests of these 
“waves” are slightly closer together than the troughs; 
and the more rapid movement of the troughs soon dissi- 
pates the smoke. As in the case of the steady wind, the 
smoke in this series of ‘‘waves” is slowly falling. The 
fall is relatively rapid if the density of the air is low and 
the air moist. 

4. Convection.—On a clear day in summer when there 
is no progressive wind, there wih be occasional light con- 
vectional breezes. The smoke may be caught in a local 
convectional circulation, rise, turn, and come down in a 
great curve even to the ground at the base of the smoke- 
stack. At College Station, Tex., the smoke from a 
62-meter stack has been observed to descend at a rate of 
2 meters per second. The condition illustrated in figure 4 
was seen at noon one day early in September, 1918. 

5. Light wind and convection.—As in the case of type 
3, convection and a light wind without gustiness peebeliy 
do not occur. Nevertheless, there are occasions when 
this type is to be observed in a nearly pure form. Here 
there is true wave motion, and the form of the curve is 
that which would result from combining the movements 
indicated in figures 2 and 4. 

6. Moderate to brisk, gusty wind and convection.—Fig- 
ure 6 illustrates the complexity of the smoke line as it 
is usually observed. Let us follow the development of 
this curve from that of a light steady wind. As convec- 
tion on a clear day sets in shortly after sunrise, the lower 
air to a height of 50 or 100 meters may become disturbed 
within an sai and a half after sunrise, when the night 
temperature inversion is moderate, or within three hours 
when there is a strong inversion and relatively weak 
sunlight, as im autumn. The smoke sheet collected 
during the night loses its stratified character, becomes 
distributed throughout the air between the ground and 
the upper limit of convection, and slowly dissipates as 
convection brings in larger and larger volumes of fresh 
air. The smoke line itself as it issues from the stack and 
floats away assumes a wavy appearance when the upper 
limit of convection reaches that height, and so introduces 
vertical currents and makes the wind gusty. As con- 
vection goes still higher the downward components of 
the convectional circulation bring down greater wind 
velocities. So the apparent waves increase in wave 
length and in amplitude. A strong, somewhat downward 
current of air in a passing convectional cycle blows the 
smoke rapidly away and downward from the top of the 
stack. This smoke begins to overtake and run under 
the upward and more slowly moving smoke that went 
just before. Following this there is a lull in the wind 
and then another increase in wind velocity with an up- 
ward movement as the next cool gust forces the warm 
air in front of it to rise. The result is the formation of 
large ‘‘waves’”’ in the smoke, waves having practically 
right angles at trough and crest, and having their steepest 
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faces toward the wind. Turbulence and the more rapid 


movement of both trough and crest than of the middle of » 


the ‘‘wave”’ dissipates the smoke in two or three minutes. 
In windy, cloudy weather the form of the smoke is essen- 
tially the same, for the waves produced in the wind by 
the unevenness of the ground ae vertical movements 
somewhat like those of local heat convection, though 
usually on a smaller scale. 

7. Sea breeze or squall front.—On the front of a sea 
breeze, the smoke blows inland from the top of the smoke- 
stack, but is carried up and returned seaward aloft. 
This has been observed from Blue Hill, Mass., on several 
occasions. There is the same bow formation on the front 
of a thunder squall, though the turbulence is so much 
greater that the bow is not so long. 

From these observations of smoke, it seems that in so 
far as smoke movements make air currents visible, smoke 
en a valuable indicator of the structure of the 
wind. 


THE STRUCTURE OF GUSTS:.! 
By Major C. C. Turner, R. A. F. 


{Abstract.] 


In a steady wind an airplane itself moves as if in a 
calm. Thus, if the wind is unsteady the number of 
gusts- encountered in a given time will be the same 
whether there is a following or a head wind. And if, 
as anemometers indicate, gusts have no more abrupt 
onset than end, the effect of a gust from in front or of a 
lull from behind should be the same. Nevertheless, avi- 
ators say they can feel the difference between a head 
wind and a following one, and that they ean climb 
fastest against the wind. Soaring birds apparently have 
the same experience. This would seem difficult to ex- 
plain in any way other than that gusts begin more sud- 
denly than they end. Apparently, we need more re- 
fined observations to show what the difference is.—C. 


F. B. 


A VIRGINIA TORNADO. 


By Prof. Atsert W. Gites, University of Virginia. 
[Dated: University, Va., Oct. 28, 1918.] 


On October 29, 1917, a tornado occurred in the southern 
part of the State of Virginia that seems worthy of brief 
record. Gretna, a small village of some 200 inhabitants, 
situated in the north-central part of Pittsylvania County, 
27 miles north of Danville, and on the main line of the 
Southern Railroad, was directly in the path of the dis- 
turbance and suffered severely. As a matter of fact, 
the destructive effects of the tornado were limited 
essentially to Gretna itself, its path being traceable but 
a short distance on either side of the town. 

Tornadoes. are very rare in Virginia. Greeley in his 
American Weather records less than five for the western 
part of the State between the years 1794 to 1881, and no 
published descriptions of this type of storm as occurring 
within the confines of the State are known to the writer. 

In the study of the Gretna tornado no features new to 
tornadoes were discovered. It was simply a small 
storm of its class manifesting the usual phenomena. 
However, the date of its occurrence, very late in the 
autumn, is worthy of especial note as well as the lateness 
of the hour, 10:40 p. m. 


1 Aéron. Journ., London, 22: 285-6, 1918. 
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Its path from the south-southwest toward the north- 
northeast may be traced continuously for a distance of 
about 2 miles, closely paralleling the Southern Railroad, 
In no place examined was the width of this path greater 
than 600 feet and locally it was but 150 feet wide. The 
accompanying map, figure 1, displays the direction of 
its course through Gretna. 

The first evidences of destruction were found about 
one-fourth of a mile south of Gretna along the left side of 
the main highway. Here one or two trees had been 
twisted off and two straw stacks had been blown over. 
Passing beyond these the tornado crossed the main high- 


Fic. 1.—Sketch map of Gretna showing the path ofthe tornado through the village. 
. The Myers home. 

. The Easthan home. 

. Large tobacco warehouse destroyed. 

. Tobacco warehouse damaged. 

. Gretna Livery, Feed, and Sales stable. 
. Post office. 

. The Pickral home. 

. Powell’s store. 

9. The Eddie Bennett home. 

10. The Dr. Powell’s home. 

11. The Christian Church. 

i2. The Adams home. 

13. Southern Railroad station. 

14. Virginia Hotel. 

15. The J. E. Bennett home. 
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way and encountered the houses on the south side of the 
village. The first was a small frame structure (1, fig. 1) 
occupied by Mrs. Susie Myers. It was set back 3 or 4 
feet and the back end rotated 8 feet from its normal posi- 
tion. Notwithstanding the unusual movements of her 
home Mrs. Myers preferred to remain in bed rather than 
to go out and face the storm. The next house (2, fig. 1), 
100 feet north of the Myers home, was severely shaken 
but not damaged. The tornadic whirl apparently lifted 
over it only to descend with destructive violence on a 
large tobacco warehouse north-northwest 100 feet 


beyond. This building, 40 by 80 feet, substantially con- 
structed of boards and three stories high, was totally 
destroyed (3, fig. 1). 
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[To face p. 461.) 


Fic. 2.—The ruins of the Gret 
traveling toward the north 
building in the background. 


na Livery, Feed, and Sales Stable. The tornado was 


west here and just missed the post office, the brick the background. 


Looking northeast. (E, H. Stevens, photo.) 


Fic. 6.—The rear of the Adams home. Looking northwest. (E. H. Stevens. photo. ) 


Fic. 3.—Ruins of the Bennett home in the foreground, and the Powell home in 
Looking northwest. (E. H. Stevens, photo.) 


Fic. 4.—Front portion of the Benhett house, turned bottom upward and blown Fic. 5.—The remains of the Christian Church. 
eastward, lodging against the shade tree at the street curbing. Looking west. 


(E. H. Stevens, photo.) 


mile to the northeast. 


Looking north. 


(E. H. Stevens, photo.) 


The greater part of this structure 
was distributed along the pathway of the tornado for the distance of one-half 
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Immediately after hitting the warehouse the tornado 
changed its direction to the northwest, and crossing the 
main highway again, split into two minor whirls, judging 
from the destructive effects. The whirl that took the 
right-hand course damaged a large tobacco warehouse 
(4, fig. 1), warping and twisting it, and then completely 
removed the top and upper story of the new brick struc- 
ture occupied by the Gretna Livery, Feed & Sales Co. 
(5, fig. 1 and fig. 2). The almost complete destruction of 
this newly built and modern brick building affords an 
indication of the enormous forces resident within a tor- 
nadic whirl. A wagon body was carried 300 feet from 
this building, and hacks standing in a shed at the rear 
that was unroofed were turned upside down. From this 
brick building the tornado jumped a low shed, and strik- 
ing the store of R. B. Powell (8, fig. 1), completely demol- 
ished it. One-eighth mile northwest of the Powell store 
the two whirls, which had followed nearly parailel 
courses, appear to have joined. ‘The destructive effects 
of the bolt and whirl were limited, for its pathway lay 
largely through open country. However, it twisted the 
top off a well, unroofed a house, and picked up a small 
outbuilding, which it placed roof downward on the oppo- 
site side of a fence. A small two-story dwelling (7, fig. 1) 
standing 500 feet southwest of the Gretna livery stable 
was also demolished by this whirl, and its débris strewn 
for one-fourth of a mile northwest. 

The reunion of the two whirls did not decrease the po- 
tency of the tornado, for the dwelling houses of Mr. Eddie 
Bennett and Dr. R. Powell (9 and 10, fig. 1, and fig. 3), 
standing directly in the pathway of the tornado, were 
paarsoced leveled to the ground, including the brick 
oundations. There were six people sleeping in the Ben- 
nett home, all of whom escaped serious injury, almost 
miraculously it would seem. The front of the house was 
blown eastward into the street lodging against a shade 
tree (fig. 4), the back of the house was forced backward 
toward the west into the garden, and the top of the house 
was carried northeastward. The lower floor of the house 
was inverted. Apparently this house exploded, a rather 
common phenomenon in the case of buildings caught in 
tornadoes. Mr. Bennett was sleeping on the lower floor 
with his small son and was aroused to find that he and the 
bed had changed their respective positions. In the over- 
turning of the floor the bed had been overturned on him. 
He was nearly half an hour in making his way out from 
beneath the wreck. 

The Dr. Powell house was located adjacent to Mr. 
Bennett’s on the north. The dining room and kitchen 
were displaced, the remainder of the house was completely 
wrecked. A baby 7 weeks old sleeping between the 
mother and father was instantly killed, having been 
struck on the head by a heavy object. The mother was 
seriously injured, and the father sustained slight bruises. 
The two other children were not hurt. 

The metallic shingles of the Powell house, readily recog- 
nized by their green color, were driven into trees nearly 
1 mile from the house to the northeast. Several were 
picked up at a distance of 9 miles to the northeast of 
Gretna, and later, observers reported having seen the 
shingles 30 miles northeast, in Campbell County. Heavy 
window weights were carried a distance of 14 miles from 
the house. 

After the destruction of the two homes just deseribed 
the tornado suddenly shifted its direction from north to 
northeast. In this direction it first encountered the 
home of Mr. J. E. Bennett (15, fig. 1) which was shifted 
backward from its foundation for a distance of 8 feet, 
leading the occupants to believe that the house had been 
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struck by lightning. Here two interesting occurrences 
illustrate the freakish features so often observed in the 
een of tornadoes. A post firmly embedded in the 

ard ground to the depth of 2 feet or more was lifted clear 
of the surface without being damaged, A house cat 
was picked up and carried a mile, finally being deposited 
in a tree, where its lifeless body was seen hanging the 
next day, its nine lives having been insufficient to sur- 
vive its experiences while in transit. 

The Christian Church of Gretna (11, fig. 1), a large 
building substantially constructed of boards, was di- 
rectly in the path of the tornado and was completely 
destroyed (fig. 5). The boards and heavy timbers were 
strewn for one-half a mile across the fields to the north- 
east. The heavy plank floor was lifted up and rotated 
through an angle of 15° with respect to the founda- 
tion. The heavy stoves were carried 800 feet, and pieces 
of the church organ were found three-fourths of a mile 
away. 

The home of Mr. D. V. Adams (12, fig. 1 and fig. 6), a 
modern brick structure, suffered severely, the front of the 
house being removed almost entirely, together with the 
roof. Mr. Adams, with his wife and small child, had 
retired for the night, their sleeping room being in the rear 
of the house on the second floor. They were awakened by 
a terrific crash. Mr. Adams arose, thinking that the house 
had been struck by lightning. Upon discovery that it 
was raining very hard he went to the window to look out. 
His wife urged him to retire again, saying that there was 
nothing he could do, as the house had not been set on fire 
by the lightning. He noted a peculiar odor as if quanti- 
ties of fine dust had been blown into the reom, and a 
minute later he found that the ceiling of the room was 
leaking in one corner. Deciding to investigate further 
he stepped through the bedroom door into the front of 
the house to find himself standing in the open air. 

The roof of the Adams house was carried for a distance 
of one-half a mile and dropped in a gully. A large por- 
tion of the family wardrobe was carried t ree-fourths of a 
mile northeast into the woods and left hanging upon the 
trees. Bed quilts were blown 1} miles to be carefully 
spread out without being torn. <A brick from the house 
was blown through the thick board wall of the Methodist 
Church, 500 feet to the north-northeast, and displaced a 
pew some 3 or 4 feet from its original position. The 
piscopal Church, 150 feet farther northeast, was moved 
slightly and the interior damaged. Fortunately it and 
the Methodist Church were east of the main path of the 
tornado, otherwise they would have experienced the same 
fate as the Christian Church. 

From the Adams home the tornado passed northeast- 
ward across open fields to the north of Gretna, leaving a 
path strewn with every conceivable object—wreckage of 
buildings, household furniture, cooking utensils, clothing, 
etc. From these fields it entered a strip of woods three- 
fourths of a mile northeast of the village. Its track 
through the woods may be easily seen from a distance 
even with the dense foliage of summer on the trees. 
Nearly every tree in its path was felled, many being 
twisted off. The position of the tree trunks afford an 
excellent indication of the direction of the air currents in 
the tornadic whirl. Many of the trees on the right side 
of the path have fallen inward and slightly forward in the 
direction in which the tornado was moving. On the op- 
posite side a number of trees have fallen inward also, but 
they tend to point backward in the direction from which 
the tornado came. This well illustrates the circular mo- 
tion of the air currents in the tornado and their counter- 
clockwise direction. 
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Little destruction was effected beyond this strip of 
woods. Its path may be traced across the Southern 
Railroad near the Sulphur Spring, a mile northeast of 
Gretna, and into the woods on the opposite side of the 
tracks. It seems then to have lifted, dip ing down here 
and there to the surface again. In one of these downward 
dips 8 or 10 miles northeast of Gretna a house was 
unroofed and a log blown across the bed of a man sleeping 
on the second floor. Not far distant a tobacco barn was 
likewise uncovered with the added interesting feature that 
the tobacco with which the barn was filled at the time was 
completely lifted out and carried onward. In one corn 
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had a section of its roof removed, and the Virginj 
Hotel (14, fig. 1), across the railroad from the station, ha 
a small part of itsroof torn up. The Masonic Temple was 
almost completely unroofed and the rear portion of the 
large warehouse of Shelton Bros. was removed. All of 
these buildings were east of the main path pursued by the 
tornado. 

The noise of the tornado in its rapid passage through the 
village awoke a number of people. All accounts agree 
that it resembled most shone the roar of a fast limited 
train passing along the Southern Railroad at full speed. 
Scarcely a full minute elapsed from the time the roar of 
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field a number of ears were neatly husked and a quantity 
of staiks blown into the neighboring woods. 

The noise of the passing tornado was heard at Gladys, 
a small town located 20 miles northeast of Gretna, 
frightening those people who had not retired. No 
damage was done, as the tornado was apparently several 
hundred feet above the earth’s surface at the time. It 
was also reported east of Lynchburg where it was heard 
passing overhead shortly after 11 o’clock. 

Buildings in Gretna not in the direct path of the tornado 
suffered slight damage from the strong lateralcurrents that 
accompany a tornado. The railroad station (13, fig. 1) 


Fic. 8.— Weather map, 8 a. m. October 30, 1917. 


the tornado was first heard until it had died out in the 
distance. This would indicate a speed of 60 miles or 
more per hour. 

The day had been unusual in some respects. It was 
bright and warm, excessively warm for the time of year. 
At 4 p. m. thundercaps began to form and by sundown it 
was quite cloudy with a close sultry atmosphere. _ A little 
later it cleared and a warm and gentle springlike wind 
began to blow. About 9 p. m. a severe windstorm was 
experienced which persisted for some time. At 10 
o’clock the first thunder was heard, accompanied by sharp 
lightning; however, it did not begin to rain until just 
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before the time of the tornado, 10:40 p.m. The passage 
of the tornado was accompanied by a terrific downpour, 
the noise of which tended to deaden the roar of the 
tornado. This heavy rain continued for some time 
afterward and gradually slackening ceased altogether 
before midnight. The sky remained clouded for the rest 
of the night, the clouds hanging low and driving fast 
before a hard wind that followed the storm and persisted 
throughout the remainder of the night. After midnight 
it grew colder rapidly and the next day there was a light 
fall of snow. 


DISCUSSION. 

Since this tornado was followed by a sharp fall in 
temperature at the passage of the wind-shift line of a 
marked V-shaped cyclone (see figs. 7 and 8) it would be 
natural on first thought to explain the storm as the result 
of cold air running over the mountains in advance of the 
wind-shift line at the earth’s surface, and entrapping 
below it some of the warm, moist air on the Piedmont. 
This would cause intense local convection, and the result- 
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ing turbulence might be sufficient to produce a tornado. 

Such an explanation, however, does not seem to be 
justified by the facts. At Lynchburg, about 40 miles 
north-northeast of Gretna, there was no rise in pressure 
till 7 hours after the storm (see fig. 10), although some 
humps in the pressure curve might legitimately be 
expected if a considerable stratum of cold, dense air 
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arrived aloft. At Elkins, W. Va., rain began at 7:40 p.m., 
the temperature fell 6° F. at about 7:50 to 8:00 p. m., 
and there was a temporary, sharp rise in pressure 
amounting to 0.03 inch at about 8 p.m. (See fig. 9.) 
This is the only intimation that there may have been a 
cold wind front aloft which could have reached Gretna at 
the time (10:40) the tornado occurred. 
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Other conditions indicate that this tornado may be 
explained without assuming the arrival of a widespread 
cold wind running over the mountains. The stagnant 
cool air left from the anticyclone which was over this 
region the 28th was dissipated rather slowly; and at 
Lynchburg and probably westward to beyond the Blue 
Ridge some of this air remained till the evening of the 
29th. (See fig. 7.) It is evident from the high tempera- 
tures and southerly winds at all surrounding stations, 
and from the cloudiness and light rainfall at Lynchburg 
during the day, that the warm, south wind was riding 
over this mass of cool air. Gretna seems to have been 
on the southern edge of the stagnant air until shortly 
after sunset, when ‘‘it cleared and a warm, gentle, spring- 
like wind began to blow.” This light wind riding up over 
the cold air still at Lynchburg probably made the rainfall 
beginning there at 9:05 p. m. 

At about 9 p. m. a severe windstorm of several hours 
duration began at Gretna; and 25 minutes later this wind 
reached the surface at Lynchburg, causing a remarkably 
rapid rise of temperature (see fig. 10).* When_ the 
temperature had reached its maximum of 70° F. at 
Lynchburg the first thunder was heard at Gretna (10 
p. m.), and 40 minutes later the tornado occurred there. 
Whence came the cold air necessary to produce such an 


*Cf, abstract on next page. 
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intense thunderstorm and tornado? The cold air which 
was over the Piedmont around Lynchburg could not 
have ridden back over the advancing southwest wind and 
produced a thunderstorm coming apparently from the 
southwest. Anyway, there is normally little opportunity 
for such cold surface air to get above any of the over- 
running warm air. 

The most reasonable explanation seems to be that the 
cold air remained in the valley behind the Blue Ridge 
for an hour or two after it was blown off the Piedmont, and 
that when this cold air was pushed out bodily, beginning 
in the southwest, it spilled over the Blue Ridge on top 
of the much warmer wind on the Piedmont. The storm 
produced in this way might be exceptionally intense and 
would be confined to a relatively small strip of moderate 
length. At Lynchburg the rain from this storm amounted 
to 0.58 inch from 9:05 to 11:45 p. m., and it was followed 
later by a characteristic shower of 0.13 inch on the arrival 
of the wind-shift line.—C. F. Brooks. 


ABNORMAL CHANGE OF AIR TEMPERATURE AT TOKYO 
AND SINAGAWA. 


By K. Sicerom1 


[Abstract.] 


In the August, 1918, issue of the Journal of the Me- 
teorological Society of Japan (pp. 49-54) there is an ac- 
count of abnormal changes of air temperature at a num- 
ber of Japanese stations on March 20, 1918. At Sina- 
gawa, 9 km. south of Tokyo, the temperature rose 7.8° C. 
in 50 minutes, and there was a smaller change at Tokyo. 
An extreme case is mentioned in which the rise was 
9.8° C. in 20 minutes at Tokyo in 1912. On March 20, 
1918, the land was overlain by a cold wedge of air, thick- 
est in the north; and above this cold air there was a 
warm current from the south. As the outer margin of 
this cold mass of air varied back and forth; there were 
correspondingly extreme changes in temperature—now 
to the warmth of the southerly wind and then to the cold 
of the northerly one. The morning weather map and 
the thermograph and wind records at 10 stations are re- 
produced. 

Discussion.—Sudden rises in air temperature not in- 
frequently accompany the arrival of a warm wind, the 
lower boundary of which has gradually descended till it 
reaches the surface wiih apparent abruptness. Simi- 
larly, if a wedge of cold air 1s slowly pushing under a 
warm wind, there will be an abrupt fall in temperature 
when the cold air arrives. On the boundaries between 
such currents there is usually a mixture fog. The per- 
sistence of the occurrence of such abrupt changes for a 
period of many hours shows how slowly two currents of 


air of radically different temperatures affect one another 


when the denser one is below the lighter. For some 
notes on similar occurrences in the United States, see (1) 
page 463 of this issue of the Review, (2) note on Three 
ice-storms, Science, August 8, 1913, and (3) Ice storms of 


“New England, Annals, Obs. Harv. Coll., volume 73, 


part 1, 1914.—C. F. B. 


MAJOR CONTROLS OF THE CLIMATES OF THE 
UNITED STATES.' 


By Rozert DeC. Warp, Professor of Climatology, Harvard University. 


Climate in general.—Climate is accurately and briefly 
defined as average weather. But means, or averages, may 


‘ Read before the American Climatological and Clinical Association, Boston, Mass., 
June 5, 1918. 
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be made up of very different values of the elements which 
go into them, and therefore a satisfactory presentation of 
climate must include more than mere averages. It must 
also take account of regular and irregular daily, monthly, 
and annual changes, and of the departures, mean and 
extreme, from the average conditions which may occur 
at the same place in the course of time. This extension 
of the definition of climate is especially important in any 
region where irregular cyclonic variations of weather 
conditions are frequent, as in the so-called “‘temperate”’ 
latitudes of both northern and southern hemispheres. 
Therefore, just as weather types change from day to day, 
and from season to season, under varying controls, so 
climate is the resultant of many variables. One climate 
differs from another because of a different combination 
of these controls. While it is a relatively simple matter 
to enumerate the factors which combine to produce any 
given climate, it is difficult, if not insane, to deter- 
mine, quantitatively, the relative importance of these 
different controls, so intimately are they connected and 
so complex are their effects. 

The major controls of climate.--The sun is obviously 
the fundamental control of climate. The general distri- 
bution of temperature over the earth’s surface, as well as 
the diurnal and seasonal changes, depend upon variations 
in the intensity and in the duration of sunshine. This 
solar control of climate is commonly known as the control 
by (1) datiiude, and stands first. If the sun alone were 
concerned, all places on the same latitude circle would 
have the same climate,? for the intensity and amount of 
sunshine depend upon the angle of incidence of the sun’s 
rays, and upon the length of the day, and both of these 
depend on latitude. 

Such a condition is very decidedly modified by the 
distribution and influence of (2) land and water; (3) 
mountain barriers, (4) altitude, (5) prevailing winds, (6) 
ocean currents, and temporary (7) storms. The reaction 
of the physical features and conditions of the earth’s sur- 
face upon the atmosphere results is what is termed 
physical climate. According to the dominant control in 
each case we ay have continental, marine, or mountain 
climates. In the first, land is the essential control; in 
the second, the ocean; in the third, altitude. An ex- 
treme development of the continental type is a desert 
climate. A transitional type between continental and 
marine, is a littoral climate The relative inportance of 
the above-mentioned major controls of climate, and the 
types of climate which result from their interaction, 
inevitably vary greatly in different places according to the 
geographical location, and the physical, topographic, at- 
mospheric, and other conditions peculiar to each district. 
For the United States the outstanding facts regarding 
each of these major controls are here briefly stated. 

Latitude.—The difference in latitude between the north- 
ern and the southern portions of the United States is the 
fundamental control which determines the important 
fact that the mean annual, the seasonal, and the monthly 
isotherms as a Whole show prevailingly lower temperatures 
in the north than in the south.* Yet these isotherms do 
not run east and west across the continent, as they would 
were latitude the sole control. Their deflections from the 
latitude linesshow the influence of othercontrols,such,e.g., 
as land and water, mountains, ocean currents, winds. 
If winds have a free sweep across a country they inevitably 


2 Solar climate is the term for a climate which is controlled solely by the amount of 
solar radiation which any place receives by reason of its latitude alone. 

3 For fuller details regarding the characteristics of these different types of climate, 
see R. De C. Ward: “Climate considered especially in relation to man,’’ 8°, 2d ed., 
New York and London, G. P. Putnam’s Sons, 1915. 

4 See, e. g., the charis of monthly and annual isotherms in Bartholomew’s “Atlas of 
Meteorology,” 1899, Pls. 7 and 8; also the mean annual, January and July isothermal 
charts in the series of ‘Climatic Charts of the United States,”’ U. S. Weather Bureau, 
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wipe out climatic boundaries. They import heat and 
cold from a distance, and often to a marked degree— 
sometimes even completely —nullify the effects of latitude. 
While it is, therefore, impossible to give any quantitative 
estimate of the impg®tance of latitude as a climatic control 
sunshine, here expressed by the tarm latitude, must be 
placed first in the list of major controls. 

Land and water.—The influence of latitude may be 
wholly overcome by the effects of land and water. Land 
and water are fundamentally different in their behavior 
regarding absorption and radiation. Land areas, and the 
air over them, warm and cool readily and to a consider- 
able degree. Water areas, and the air over them, warm 
and cool slowly, and relatively little. In the same lati- 
tudes, disregarding possible permanent differences in 
cloudiness, the insolation received at the surface on land 
and water surfaces is much the same. The differences 
in absorptive power of different land areas, also of water 
surfaces in various conditions of disturbance or quies- 
cence, may be quite noticeable. However, the absorbed 
heat penetrates to but slight depths in the case of land 
surfaces, and because of the low specific heat of earth ma- 
terials, especially when dry, the surface temperature of 
land arens increases greatly under insolation. Since the 
coeflicient of radiation is comparable with that of absorp- 
tion, the loss of temperature under cooling conditions is 
considerable. In contrast to this, the heat absorbed by 
water surfaces may penetrate to considerable depths, 
which, coupled with the very high specific heat of water, 
‘auses but slight change of temperature under either 
heating or cooling conditions. 

The larger continental areas of the middle and higher 
latitudes, therefore, have great seasonal fluctuations in 
temperature. They are distinctly radical in their ten- 
dencies. They absorb much heat, but part with it read- 
ily. The oceans, on the other hand, are conservative. 
They warm but little during the day, and in summer. 
They cool but littl during the night, and in winter. 
They take in little heat, and part with it reluctantly. 
Conservatism in temperature is a distinctive feature of 
marine climates. Another essential difference between 
oceans and continents is that the waters of the oceans are 
almost constantly in motion while thelands are stationary. 

The temperatures of the oceans in higher and in lower 
latitudes thus tend to become equalized. This process 
results in keeping the waters near the Equator from be- 
coming as warm, and those away from the equator from 
becoming as cold, as they otherwise would be. The land 
masses, on the other hand, have to take the temperature 
appropriate to their latitude and season. It follows, 
daeties, that North America as a whole is cooler in 
winter and warmer in summer than the adjacent oceans 
in similar latitudes. This is clearly shown on the iso- 
thermal charts for January and July. In the average 
for the year, the lower latitudes of North America are 
warmer than the adjacent oceans in similar latitudes, 
while the higher latitudes are colder. It is obvious that 
when an isotherm crosses both land and water areas it is 
likely to be deflected, poleward or equatorward, according 
to the surface, whether land or water, over which it passes. 
Differences in climate along the same latitude circle 
necessarily result. 

It has been of very great importance in the history of 
the United States that the North American continent 
broadens to the north and narrows to the south and does 
not become narrower in middle and higher latitudes as 
South America does. The races which have migrated 


*See footnote, p. 464. 
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from Europe to make up the American people have thus 
been able to spread over a vast extent of country in the 
Temperate Zone, having climatic conditions not ver 
unlike those of their Old World homes. Were the conti- 
nent broadest to the south, in the trade wind zone, an 
American Sahara would replace the Gulf of Mexico and 
the great agricultural regions of the United States would 
be correspondingly less extensive. The usefulness of 
North America as a new home for the overflowing popu- 
lations of Europe would under such conditions have been 
very greatly restricted. 

The relative preponderance of land or of water influ- 
ences depends upon a number of factors, such as dis- 
tance from the ocean; the direction of the prevailing 
winds; the presence of mountains in the way of onshore 
winds, etc. In the United States, the controlling water 
areas are (a) the Pacific and (6) the Atlantic Oceans; (c) 
the Gulf of Mexico, and, to a much less degree, (d) the 
Great Lakes. Neither of the two oceans can attain its 
maximum control over the climate of the adjacent con- 
tinent—one, the Pacific, because of the presence of the 
massive mountain barrier near the coast; the other, the 
Atlantic, because it is on the leeward side of the conti- 
nent. In the narrow Pacific coastal slope the climates 
are unlike those elsewhere in the country, and in many re- 
ra resemble those of western and southern Europe. 

eing exposed to the influence of the Pacific, with the 
prevailing winds blowing directly from the conservative 
ocean, the climates are on the whole relatively mild and 
equable, with slight seasonal fluctuations. The seasonal 
contrasts are most marked where the marine influence is 
lessened, as in the valleys to the east of the Coast Range. 
The Slope thus has various types of transitional littoral 
climates, with increasingly marked continental features 
over the sections which are most effectively shut off 
from the ocean influences. 

The influence of the Atlantic Ocean is much dimin- 
ished by the fact that the “prevailing” winds are off- 
shore. Hence it follows that there is not very much of 
the tempering effect usually associated with the conser- 
vative ocean waters. The Atlantic coastal belt, except 
when the winds temporarily blow onshore, does not differ 
very much from the interior. This is clearly seen on 
the chart of mean annual ranges of temperature. Fairly 
large ranges, characteristic of a continental interior, are 
carried eastward to the coast, and, even over the ocean, 
for some distance offshore. Thus the summers are 
warm along the Atlantic coast, and the winters are cold. 
The climate is not littoral; it is continental. The 
Southern States naturally have milder winters than do 
the States along the northern Atlantic coast, owing to 
the lower latitudes and the greater frequency of warm 
winds in the south. The importance of the Atlantic 
Ocean as a source of water supply is, however, very con- 
siderable. To the water vapor Tae from the Atlantic 
by easterly storm winds the abundant and well-dis- 
tributed rainfall of the Eastern States is largely due. 
The increase in the mean annual rainfall from the inte- 
rior toward the Atlantic Ocean, and the general parallel- 
ism of the rainfall lines with the Atlantic coast, indicate 
that much of the water vapor must be supplied from this 
ocean, 

The Gulf of Mexico is an important control of the 
climates east of the Rock ountains. It occupies 
latitudes which in the Old World include the Desert of 
Sahara. It is a very warm body of water.’ Its maxi- 


6 See Atlas of Meteorology, pl. 2, text p. 8. 
7 The mean surface — in February averages between 68° and 77°, and in 
August, between 82.5° and 84°, 
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mum effects are seen during the summer months, for 
then the prevailing winds over most of the eastern United 
States are from southerly (SE., S., SW.) directions. 
These winds are well laden with vapor, and it is to them 
that much, if not most, of the summer rainfall over this 
eastern area is due. Furthermore, throughout the year 
and especially in winter, temporary warm and damp winds 
associated with passing storm (cyclonic) conditions, blow 
with considerable frequency from southerly directions, 
and thus carry the warming influence of the Gulf of 
Mexico far northward. These warm spells temper the 
winters of the northern districts, interrupting the severe 
cold that comes with the westerly and northwesterly 
winds from the northern continental interior. In sum- 
mer, these southerly spells are hot, muggy, and depress- 
ing. The sharp contrast between the weather type 
which is associated with cold northerly winds, and that 
which comes with warm southerly winds from the Gulf, 
is one of the striking and characteristic features of the 
climates of much of the great region east of the Rocky 
Mountains. 

The Great Lakes are of relatively subordinate im- 
ortance as major climatic controls, but they show 
ocal effects es: are in many cases of distinct economic 
significance. The lee shores in several cases show heavier 
annual rainfalls than the windward shores, but the excess 
is relatively rather slight, being generally not over 5 
inches. ‘The effect is probably greatest in the case of 
Lake Superior. Local topography is here, as always, an 
important factor in controlling the amount of rainfall. 
The belt between the 30-inch and the 35-inch mean annual 
rainfall lines shows a rather significant widening toward 
the Lakes. This fact, together with the general trend of 
these, and other, rainfall] lines in the Great Lakes region, 
indicates that the Lake influence is present, although not 
very striking. The rain-bearing winds in this district 
are to a considerable extent from easterly directions, and 
for that reason the slight difference in rainfall between 
windward and leeward shores is not surprising. In 
winter, when the cold westerly winds sweep across the 
open waters of the Lakes, the snowiall on the lee shores is 
distinctly increased. Other effects of the Great Lakes 
are the decreased intensity of severe winter cold waves 
resulting from the tempering influence of the water; 
the later occurrence of the first killing frost of autumn 
and the earlier date of the last killing frost of spring in 
favored localities, as in the famous Chautauqua grape 
belt; the development of onshore lake breezes on fine 
hot summer days, as studied at Chicago; a local increase 
in cloudiness and in relative humidity, and some other 
minor effects. Details concerning these conditions belong 
in a study of local climates, and are out of place in a 
very broad consideration such as the present one. 

fountain barriers.—Mountain ranges, especially high 
and extended mountain ranges, are effective climatic 
barriers. If they stand in the path of the prevailing 
winds they may bring about marked differences in rain- 
fall; in temperature; in cloudiness; in humidity, on their 
opposite sides. When near a coast, especially a wind- 
ward coast, they prevent ocean influences from extend- 
ing inland. 

The most important mountain barrier in the United 
States is that formed by the Pacific Coast ranges (Cas- 
eades, Sierra Nevada, Coast). These western moun- 
tains ree the influence of the Pacific from being 
carried far into the continent, and thus separate a narrow 


coastal belt, much of which has a modified marine climate, 
from an interior east of the Sierra Nevada-Cascades, 
where the rainfall is less and the ranges of temperature 
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are much greater. The influence of the western barrier 
upon the climates of the North American continent as a 
whole is accentuated by the fact that the mountain 
systems trend in a northwesterly direction in the higher 
latitudes, where the continent broadens, thus limiting 
the marine influences still further to the more immediate 
Pacific coast. The situation is quite different in Europe, 
where there are no high west coast mountains and where 
for this reason, and because the windward margins of the 
continent are much indented by numerous water bodies, 
the ocean influence is carried far inland by the prevail- 
ing westerly winds. The Rocky Mountains, together 
with their collateral ranges, are far less important as a 
climatic barrier than they would be were there no Pacific 
ranges. The latter being farther to windward naturally 
have the greatest effect. The influence of the Rocky 
Mountains is seen in their local effects upon rain and 
snowfall; in their acting as a barrier against the spreading 
of cold waves over the Plateau region from the east; in 
the warming which bodies of air undergo as they descend 
the slopes (chinook winds); in the differences which 
often prevail between the weather types to the east and 
west of the continental divide, and in other ways. 

The Appalachians as a whole are not an effective 
barrier. They are not high. They are near the leeward 
margin of the continent. They are more or less parallel 
to the direction of the prevailing winds during much of 
the year. The amounts of rainfall on their eastern and 
western slopes do not, taking the system as a whole, 
show very marked and persistent differences. Even in 
winter they do not protect the districts to leeward from 
invasions of continental cold. The Appalachians do, 
however, show many local barrier ents upon the 
climates of their immediate surroundings. The fact 
that the lesser mountain barrier is on the east of the 
continent and the greater barrier on the west, made it 
easy for the early settlers to cross the Appalachian are: 
through the natural gateways, and then to expand over 
the great interior lowlands, where they found favorable 
climatic conditions. 

It is one of the striking characteristics of the topog- 
raphy of the United States that there is no great trans- 
verse (i. e., east and west) mountain barrier. In going 
from south to north, or vice versa, no sudden changes 
in climate are met with. The gradations are slow and 
eradual. The climatic subdivisions are, therefore, sepa- 
rated by meridianal, and not by latitudinal, lines. The 
influence of the Gulf of Mexico would be much dimin- 
ished if there were a transverse range of high mountains 
across the Mississippi valley. Such a range would cut 
off from the districts to the north of it the warm southerly 
winds and the rainfall which now have free access from 
the Gulf. The severity of the winters would, therefore, be 
consilerably increased over the northern tier of States 
east of the Mississippi River. A transverse mountain 
range, on the other hand, would be a great protection to 
the Southern States in winter, in keeping out the cold 
northwest winds, which now have a free sweep from the 
western plains of Canada to the Gulf, and often cause 
great damage to crops in the far south. The significant 
fact concerning the topography of the eastern United 
States as a whole is its uniformity. There is some 
analogy here with the conditions over much of Europe, 
where the mild and damp southwesterly winds from the 
warm Atlantic temper the winters in a similar though 
much more marked way. 

The fact that the western mountain barriers largely 
prevent the importation of water vapor from the Pacific 
Ocean into the interior of the country adds very greatly 


Ocroser, 1918. 


to the importance of the control which the Gulf of Mexico 
can exert over the rainfall of the eastern United States 
in the absence of any transverse mountain barrier. 
From the Gulf comes an abundant supply of rainfall, 
which to a large extent compensates for the loss resulting 
from the presence of the western mountains. Were there 
no western mountain barrier, the Gulf, while still of 
importance, would be a less critical control. In Europe, 
where high western mountain ranges are lacking, the 
supply of water vapor from the Atlantic is freely dis- 
tributed to the eastward, over the continent. There is, 
therefore, no such need of an auxiliary supply from the 
Mediterranean. If there were no Gulf of Mexico, or if 
there were a high transverse mountain barrier across the 
Mississipp1 Valley, the rainfall over much of the United 
States east of the Rocky Mountains would doubtless be 
far less favorable for agricultural purposes and for the 
homes of a large population. Indeed, it is probable that 
semi-aridity might to a considerable extent replace the 
present sufficient and well-distributed rainfall over much 
of our best farming land. 

Altitude.—The barrier effects of mountains are simply 
due to the obstacle that mountain ranges put in the way 
of climatic conditions, which would otherwise be similar 
on the opposite sides of the barrier. A narrow wall, as 
high as the respective mountain ranges, would accom- 
plish essentially the same results. in addition to this 
simple barrier effect, mountains and highlands have 
certain special climatic peculiarities because of their 
elevation above sea level. It is here that the control of 
climate by altitude is met. Mountain and plateau cli- 
mates are always placed in a group by themselves as 
distinguished from those of lowlands. The former, as 
contrasted with the latter, are characterized by a general 
decrease in pressure, temperature, and absolute humidity, 
an increased intensity of 'nsolation and radiation, larger 
ranges in soil temperatu’ . higher wind velocities, usually 
a greater frequency of 1 «n and snow and, up to a certain 
altitude, more of it. ‘‘inversions of temperature” (i. e., 
where the temperature increases with increasing alti- 
tude) are frequent characteristics of the colder months 
and of the mght. Such conditions often give moun- 
tains the advantage of higher temperatures than the 
adjacent valleys or lowlands—a fact of importance in 
connection with the use of certain mountain stations as 
winter resorts. In summer, altitude gives relief from 
the heat of the lowlands. 

Broad generalizations such as these serve only for the 
purposes of a very brief summary. ‘The local topography 
is of prime importance in bringing about mahy modifica- 
tions in climatie conditions. Mountains both modify 
the general and give rise to local winds. Among the 
latter, the well-known mountain and valley winds are 
often of considerable hygienic importance in their control 
of the diurnal period of humidity, cloudiness, and rain- 
fall. In the United States the greatest and most wide- 
spread effects of altitude are naturally found in the 
western plateau and mountain region, where the varied 
topography gives rise to a great variety of local climates. 
In the east the elevations are less, and the area occupied 
by highlands is less extended. Nevertheless, there are 
many well-known conditions which result from the pres- 
ence of mountains. Among these may be mentioned, as 
illustrations, the heavy rainfalls of the eastern and south- 
ern slopes of the southern Appalachians; the popularity, 
as summer resorts, of the White Mountains of New Eng- 
land, the Adirondacks of New York, and many other 
portions of the mountain and plateau country along the 
Atlantic seaboard. If there had been no Appalachian 
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highland area in the Southern States, with its plateaus 
and slopes unsuited to the growth of tobacco and cotton 
and sugar cane, these typical southern crops, and the 
negro labor which they necessitate, would doubtless 
have occupied much of the area which, with its more 
“temperate” plateau and mountain climates, was actu- 
ally settled by a very different sort of population, en- 
gaged in different occupations. 

Prevailing winds.—Most of the United States lies in 
what is generally known as the belt of the storm-bearing 
‘‘prevailing westerly winds.’ To the south, the States 
bordering on the Gulf of Mexico, already subtropical 
in latitude, share also in the wind system which 
is characteristic of tropical countries, viz, the trades. 
These trade winds, like the ‘‘prevailing westerlies,’’ 
find their initial cause in the great permanent dif- 
ferences of temperature and of pressure between equa- 
tor and poles, but are greatly modified by local pressure 
distribution. Year by year the orderly succession of 
the seasons brings a warming and a cooling of the con- 
tinent. The pressures change systematically, not only 
over the continent, but also over the adjacent oceans. 
Sympathetically, also, the prevailing winds show a 
seasonal change in their directions. Other influences 
also play a part. ‘The great mountain systems are bar- 
ricrs in the path of the winds. The general configura- 
tion of the country—the trend of mountains and of 
valleys, locations to windward or to leeward of moun- 
tains or of lakes, the hour of the day or night, exposure 
to land or sea breezes, and, more important than all, 
the varying storm control—all these have ashare in con- 
trolling the winds, both in direction and in velocity. 
And as winds are of critical importance in controlling 
weather types, their direction and velocity, however 
controlled, are fundamentally important in any study of 
climate. The ‘‘prevailing wind” in summer may be a 
very warm one, as is the case over most of the eastern 
United States, where southwesterly wind directions are 
dominant during the hot months. Such conditions 
naturally increase the summer heat. Or, the prevail- 
ing winter wind may be a cold one, as in New England, 
thus making the winters more severe. The reversal of 
the “prevailing westerly winds” under the control of 
passing conditions of high or low pressure is so frequent 
that many persons, especially along or near the nor- 
thern Atlantic coast, find it difficult to believe that 
the ‘“‘prevailing winds” are actually from the west. 
Easterly storms, easterly winds blowing on shore from a 
high pressure area off the coast, even the local and rela- 
tively insignificant sea breeze of summer, all combine 
to keep up this impression. 

The great permanent areas of high and of low pressure 
over the oceans adjacent to North America—the so-called 
‘centers of action’’—play a considerable part in deter- 
mining the directions of the prevailing winds on the 
continent. The low pressure system over the northern 
North Atlantic (‘‘Iceland Low’’) exerts a marked control 
over the prevailing northwesterly winds of the north- 
eastern United States in winter. The tropical high- 
pressure belt of the North Atlantic has an important 
share in determining the great flow of southerly winds 
over the southern and eastern portions of the coun- 
try throughout the year, as well as in controlling the 
general character of the seasons in the eastern United 
States. On the Pacific coast, a low-pressure area over the 
northern North Pacific (‘Bering Sea or Aleutian Low’’) 
in winter largely controls the prevailing southwesterly 
and westerly winds of the northern portion of this coast, 
while the tropical high-pressure belt lying farther south 
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also influences the wind directions, especially along the 
southern portion of the coast. 

Ocean currents.—Too much emphasis is usually laid on 
ocean currents as controls of climate. It should be 
remembered that an ocean current can have practically 
no influence on the climate of an adjacent land unless 
the wind is blowing onshore, and further that ocean waters 
in themselves, without the help of any ocean currents, 
are conservative bodies, and, therefore, tend to temper 
the cold or the heat of any land over which their influence 
may be carried. It is true enough that the Gulf stream 
and the Gulf stream drift do keep the North Atlantic 
waters off the eastern coast of the United States warmer 
than they would otherwise be, and that the Labrador 
current is a cold flow which chills these same waters to a 
lower temperature than they would otherwise have. And 
on the Pacific side, the Japanese current, flowing south- 
eastward along our western coast, with a subordinate 
eddy circling around the Bay of Alaska, certainly contrib- 
utes toward keeping the Pacific slope climates rainier and 
warmer in winter than they would be without that 
current. A glance at the isothermal charts of the world 
at once shows the effects of these currents in deflecting 
the isotherms. Off the Pacific coast of North America, 
the isotherms are carried equatorward by the southward- 
flowing current passing along California and Mexico, and 
poleward by the eddy which flows from right to left 
around the Bay of Alaska. The result is a spreading 
apart of the isotherms and a tendency toward an 
equalization of the temperatures along the coast. On the 
Atlantic side, on the other hand, the isotherms are 
crowded together. The Gulf stream carries them north- 
ward along the southern and central portions of the coast, 
while the Labrador current carries them southward along 
the coast of New England and the Canadian Provinces. 
Hence there is a very rapid decrease of temperature 
northward along the Atlantic coast, which amounts to 
2.7° F. per latitude degree in January. 
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Storm control.—In the Temperate Zones” the weather 
is largely controlled by a succession of low and high 
pressure areas (‘‘eyclones” and ‘‘anticyclones’’), more 
or less irregular in their occurrence; uncertain in their 
progression and direction; and differing considerably in 
their characteristics. Hence, weather changes are cor- 
respondingly irregular, uncertain, and diverse. Of 
weather types there is an almost endless variety. These 
different types give our climates their distinctive charac- 
ters, and to a large extent determine the amount and 
distribution of temperature; of rain and snow; of humidi- 
tv: of cloudiness. Cyclones and anticyclones are, there- 
fore, essential controls of climates in the latitudes of 
the *‘prevailmg westerlies.’’ Over the Temperate Zones 
as a whole there is a great ring of stormy weather, 
oscillating poleward and equatorwaid as the sun moves 
to and fro in the course of its regular migration. In 
winter, practically the whole of the United States is 
under the influence of this storm belt. Storms are not 
only more widely distributed then, but they are also 
larger, more frequent, more violent, and move faster 
than in summer. Hence, all changes of wind, tempera- 
ture, and weather occur oftener, are more sudden and 
more emphatic at that season. In summer, when the 
general storm belt swings to the north, the storm ele- 
ment in our weather changes is weakest. The dominant 
weather types are chiefly associated with the regular 
changes from dav to night. Periodic, diurnal phenom- 
ena replace nonperiodic, cyclonic phenomena. The 
detailed study of weather types is not a part of ordinary 
climatological investigation. Yet anvone who seriously 
attempts to study the climatology of the United States 
should have a series of weather maps in one hand, and 
a set of climatic charts of the country in the other. 
He will soon realize that the better his understanding 
of the former, the more intelligent is his appreciation of 
the latter. 
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SECTION III.—FORECASTS AND WARNINGS. 


FORECASTS AND WARNINGS, OCTOBER, 1918. 


By Atrrep J. Henry, Supervising Forecaster. 


[Dated: Washington, Nov. 30, 1918.] 


PRESSURE IN THE NORTH PACIFIC AND ALASKA. 


A depression of the barometer passed over Midway 
Island on the Ist and the barometer was below normal 
from the 17th to the 23d; at all other times pressure was 
above normal. Pressure was below normal at Honolulu 
practically throughout the month. It was also below 
normal in the Gulf of Mexico and the Caribbean region 
and indeed along the Gulf coast and the southern border 
of the United States. In Alaska pressure was below 
normal in the coastal regions and the Yukon basin from 
the 3d to the 13th. This period of low pressure was fol- 
lowed by a week of high pressure, which apparently 
spread inland by way of the Aleutians and Nome to the 
interior, but not to the southeast coast or to the Canadian 
northwest. In the United States the fluctuations from 
the normal pressure may be seen from an inspection of 
Table 1. 

THE WEATHER OF THE MONTH. 


As might be inferred from the fact that the majority 
of lows of the month passed eastward along the northern 
border, some rather foe to the northward, thus causing 
southerly winds, the month as a whole was a warm one. 
Killing frost was not experienced in the southern parts 
of the areas where the average date falls within the last 
decade of October. 

Precipitation was deficient in Atlantic Coast States to 
the eastward of the Appalachians. The failure of rain 
east of the latter was one of the characteristics of the 
month. Heavy rains fell in the west Gulf States on the 
26th and in the east Gulf States on the 29th, and there 
was a week of more or less general rains in the Gulf 
States in connection with the depression platted as No. 
VI on Chart III. On the whole 1t may be said that the 
month was warm, with about the average precipitation. 
The detailed figures appear in Table 1. 


HIGHS. 


Eleven H1GHs have been plotted on Chart Il counting 
as a single niGu those “a appear to have merged in 
Manitoba or the valley of the hed River of tle North. 
If we ascribe the origin of these mcus to the Canadian 
northwest the number that originated in that region will 
total six while the remaining five were of the North 
Pacific origin. The following characteristics stand out 
clearly: 

(1) The migus were the dominating weather control 
of the month; nevertheless it is to be noted that the 
temperature was above the normal. 

(2) There was more or less merging of North Pacific 
HIGHS with wicus which first appeared over the Cana- 
dian northwest. Just prior to merging, the barometer 
level in the Canadian HIGHS was no greater than in the 
North Pacific micus, but shortly after merging the 
barometer level increased. 


(3) There was a very well-defined increase in the 
barometer level in HicHs as they passed over mountain 
districts, particularly the Green Mountains of Vermont 
and the northern Appalachians of West Virginia. 

(4) The North Pheific HiaHs which did not merge 
vassed off to the sea over the Atlantic, or dissipated in 
Southeastern States south of north latitude 40°, while 
the Canadian wiGus invariably passed off to the sea 
northward of 40° north latitude; North Pacific H1eHs 
on the average were about six days in crossing the con- 


‘tinent while the rate of movement of Canadian HIGHS 


was more rapid, as might be expected. 
LOWS. 


Thirteen Lows, classed according to the geographic 
location of their entrance into or appearance as well 
defined Lows within the field of observation, have been 

lotted on Chart III as follows: Alberta, 7; North 

acific, 2; Middle Rocky Mountain, 2; Southern Rocky 
Mountain, 1; Gulf of Mexico, 1. Almost without excep- 
tion these Lows were featureless and of little intensity. 
The tendency was almost always toward a diminution 
of intensity with eastward movement. No. XII of 
Chart III for a time gave promise of developing into a 


severe storm in the Lake region on the 27th, but while . 


the barometer in the center fell as low as 29.12 inches on 
the morning of the 28th, only moderate gales were 
reported. 

The true centers of Alberta Lows were doubtless at 
some distance north of the field of observation and this 
fact may explain the apparent lack of intensity. <A 
characteristic noted in previous months, viz, the ten- 
dency for a secondary depression to form in the southerly 
quadrants of Alberta Lows, when for any reason the move- 
ment of the principal Low is checked, was again noted in 
October. Lows Nos. ILI, XI, and XII-A are examples 
of secondary depressions that developed to the south or 
southwest of the principal depression. The barometer 
was low practically the entire month in the Gulf of Mex- 
ico and the Carribbean region. On the morning of the 
13th a shallow depression whose previous movement 
can not be traced with much certailty appeared off the 
mouth of the Mississippi. This depression was irregular 
in shape and generally without storm winds but was 
associated with fairly Fehr rainfall in the Gulf States. 
It persisted nearly a week and finally seems to have 
passed inland merging with tow No. VIII on the night 
of tle 19th-20th. Its approximate path is shown by 
No. VI, Chart II. 


WARNINGS. 


Storm warnings were issued for one or more of the 
Great Lakes on the Ist, 4th, 5th, 12th, 13th, 24th, 26th, 
27th, and 28th, and for the east Gulf and Atlantic coast 
on the 5th, 15th, 18th, 20th, 23d, and 30th. 

The warnings of the 5th and 13th on the Great Lakes 
and of the 20th and 30th on the Atlantic coast were not 
justified. In general the month was less stormy than 
the average. 

Frost warnings were issued on various dates mostly 
for the northern portions of the district. 
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WARNINGS FROM OTHER DISTRICTS. 


Chicago, Ill., forecast district—The month as a whole 
throughout the Chicago forecast district was rather mild, 
with deficient rainfall in the northwest. The rainfall in 
the middle Missouri Valley thence southward exceeded 
the normal considerably. 

So far as forecasts and special warnings are concerned, 
the month was uneventful, frost warnings especially 
being few because of the mild weather. For the most 
part, damaging frost did not occur until much later than 
usual. 

Frost warnings were issued as follows: 

On the 2d for Wisconsin, Lowa, and eastern Minnesota; 
on the 13th for eastern Wisconsin and_ northeastern 
Illinois; on the 24th for Iowa, western Missouri, and 
southern Nebraska; on the 27th for western Missouri, 
Kansas, and southeastern Nebraska; on the 29th for 
Missouri and Kansas; on the 30th for Iilinois, Missouri, 
and Kansas; and on the 31st for Illinois and Missouri. 

Warnings for freezing temperatures were issued as 
follows: 

On the 26th for Nebraska and Kansas; and on the 31st 
for Wisconsin. Moreover, the warnings issued on the 
27th were for either frost or freezing temperature. 

In almost every instance these warnings for frost and 
freezing temperature were verified. 

Special warnings were issued to the cranberry marshes 
on October 2, the last of the season, and heavy or killing 
frost was reported generally throughout the marsh region 
during the ensuing night. The cranberry harvest was 
completed by the 3d, except in the northwest portion of 
the State. There was a local heavy frost at the Mather 
station on the 2d for which a warning was not issued. 

Because of the prolonged drought in the Minnesota 
forest region, extensive fires developed there so by the 
I8th a large area was included. In pursuance of a re- 
quest from Col. L. D. Godfrey, of the Fourth Minneapolis 

nfantry, who had charge of all fire fighting and relief 

work in the fire zone, special wind and weather telegrams 
were sent to him at his headquarters at Moose Lake, from 
the 19th to the 24th, inclusive. By the latter date the 
tires had been extinguished because of the general rains 
and successful work of the fire fighters. Under date of 
October 24, the official in charge of the United States 
Weather Bureau office, Minneapolis, Minn., writes as 
follows: 


Your prompt action in telegraphing the forecasts was much appre- 


ciated and the forecasts were of great help to the fire fighters.— 
HH. J. Cox. 


New Orleans, La., forecast district. —The most important 
feature of the month was a storm area which appeared in 
the Gulf of Mexico off the Louisiana coast on the 15th and 
moved slowly northwestward during the 16th and 17th, 
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passing inland off the mouth of the Sabine River on the 
morning of the 18th. Northeast storm warnings were 
ordered displayed, New Orleans to Velasco, on the after- 
noon of the 15th, were extended to Brownsville, Tex., on 
the morning of the 16th, and were continued at other 
stations on the Texas coast on the afternoon of that date. 
Warnings were changed to storm northwest on the Texas 
coast on the 17th, and were ordered down on the morning 
of the 18th. Verifying winds occurred at New Orleans 
and Galveston, and near verifying velocities at other 
stations, but, as a whole, the disturbance was of moderate 
intensity. 

Storm northwest warnings were ordered displayed from 
Port Arthur to Corpus Christi, Tex., on the 26th and the 
warnings were justified. 

The first frost of consequence occurred over the in- 
terior of the district on the 28th, for which timely 
warnings had been issued. Warnings were issued on the 
30th for frost over the interior of the district, and on the 
31st for heavy frost or freezing over the northern portion 
of the district and frost over the interior of the southern 
portions; heavy frost with freezing in some localities 
occurred over the northern portion of the district and 
frost over the interior of the southern portion by the 
morning of November 1.-—/. VW. Cline. 

Denver, Colo., forecast district.—Warnings of frost. or 
freezing temperature were made for one part or an@®ther 
of the district on the 6th, 11th, 16th, 17th, 18th, 19th, 
23d, 25th, and 26th. Warnings of high winds were issued 
on the 28th. Both wind and frost warnings were gen- 
erally verified.— Frederick W. Brist. 

San Francisco, Cal., forecast district.—-October, 1918, 
was comparatively a quiet month in this district, with 
temperatures above the normal in all sections. From 
the 28th to the end of the month unseasonably high 
temperatures prevailed in southern California and along 
the southern coast of northern California. 

Rain was frequent in western Washington and north- 
western Oregon, but the daily amounts were not large. 
In southern Oregon, California, and Nevada, except along 
the eastern slope of the Sierra Nevada Mountains, the 
precipitation was very deficient. In Idaho the precipi- 
tation was slightly above normal. 

Killing frosts occurred in eastern Oregon, Idaho, and 
Nevada, but it is not believed that they caused material 
damage. 

Storm warnings were ordered on the Washington and 
northern Oregon coasts on the 4th, 5th, 9th, 10th, and 
27th; and small craft warnings from Cape Mendocino 
north on the 4th; for Marshfield north on the 11th; and 
on the Washington and Oregon coasts on the 20th, and 
22d. There were no storms without warnings and all 
warnings are believed to have been verified.—(. //. 
Willson. 
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SECTION IV.—RIVERS AND FLOODS. 


RIVERS AND FLOODS, OCTOBER, 1918. 
By Atrrep J. Henry, Meteorologist in Charge. 


{[Dated: Weather Bureau, Washington, Nov. 30, 1918.] 


Heavy rains in upper Vermont and New Hampshire 
caused a moderate flood in the Connecticut River at 
White River Junction, Vt., but no damage resulted. 

Rains were generally heavy throughout South Carolina, 
and in western North Carolina they were excessive during 
the last week of the month, causing most of the streams 
in the western portion of South Carolina to rise rapidly. 
In the mountainous districts stages of 5 to 8 feet above 
flood stages were reached. In the lower stretches of the 
rivers the crests were only slightly above flood stages. 
The greatest damage was done in the vicinity of Green- 
ville and Spartansburg, where the loss is estimated at 
$270,000. The total loss for the State is estimated as 
follows: Buildings, factories, roads, bridges, $219,000; 
crops, $162,000; live stock, $6,000. The value of prop- 
erty saved by warnings is placed at $83,000. 

n Georgia, the only places where a flood stage were 
reached was at Carlton, on the Broad River and Norcross 
on the Chattahoochee. No damage was reported. 

Kleod stages are of rare occurrence in the east Gulf 
States during the autumn; but the heavy rains of the 
latter part of October caused many of the streams in the 
Montgomery and Mobile, Ala., districts to overflow, and 
the streams in western Mississippi were about bank full. 
In the Mobile district loss to crops was estimated at 
$87,000; stock and movable property, $1,500; and wages, 
$1,500. It is estimated that property valued at $25,000 
was saved by timely warnings. In Mississippi but little 
damage was sustained except through the washing of 
roads by heavy rains. This damage was estimated at 
$250,000. 

Rains were excessive in the Asheville distriet—7.31 
inches fell at Asheville and 6.62 at Penrose, N. C., during 
24 hours ending 8 a. m. of the 25th. The river rose 
rapidly at these places and flood stages were reached as 
far down as Knoxville, Tenn. Roads and bridges were 
reported damaged to the extent of $14,000; crops, $9,000; 
and movable property, $250. Much property was re- 
ported as saved by timely warnings. ; 

In the Cincinnati, Ohio, district, the New River was 
slightly above flood stage at Ivanhoe and Radford, Va.. 

In Texas, the Rio Grande was in flood at Rio Grande 
city on the 22d and the Guadelupe at Victoria on the 30th. 
The Trinity was above flood stage on the 24th and 28th. 
No damage reported. 

The following report of the effects of heavy rains in 
the vicinity of Juneau, Alaska, during September, 1918, 
is submitted by Mr. M. B. Summers, meteorologist: 

A disastrous flood occurred in the city of Juneau and vicinity on 
September 26, 1918, as a result of heavy rains during the 25th and 26th. 
Rain began shortly after midnight of the 24th-25th and continued with- 
out cessation until the early morning of the 27th, a total of 7.41 inches 
falling at Juneau during the 25th and 26th. The greatest 24-hour 
amount during this period was 5.54 inches from 5:34 p. m. of the 25th 
to 5:34 p. m. of the 26th, normal time. The fall was still heavier 
however, at Perseverance, 4 miles east of Juneau and at the head of 
Gold Creek, a stream that drains mountain slopes over 3,000 feet in 


height and that empties into Gastineau Channel through the tideflat 
section of Juneau, At Perseverance 7.40 inches of rain fell in the 24 


hours ending at 4 p. m. of the 26th, and 2.80 inches in the preceding 24 
hours. 

As a result of these heavy rains, Gold Creek rose to flood height and 
overflowing its banks in its lower reaches, inundated a large part of the 
tideflat portion of the city. The height and swiftness of the current 
wore away the banks of the stream and changed its course somewhat, 
carrying away six dwelling houses. A number of other dwellings were 
flooded, as was also the hospital of the U. 8S. Bureau of Education 
from which patients and nurses were rescued in a boat. 

The heavy rains also caused a slide on the slope of the mountain 
above Gastineau Avenue, on the opposite side of the city, which re- 
sulted in the destruction of four dwellin A torrent of water fol- 
lowed theslide and flooded the Gastineau Hoteland W. R. Wills’s store, 
these being at the foot of the slope and immediately below the houses 
destroyed. A number of slides occurred along the highway between 
Juneau and Perseverance, blocking that thoroughfare to such an ex- 
tent that it probably can not be reopened before next summer. The 
Juneau city water system was put out of commission by slides that car- 
ried away a portion of the flume conveying water to the reservoir, 
thereby depriving the greater portion of the city of water for nearly a 
week. The same trouble was experienced by the Alaska Electric Light 
& Power Co., and asa result the city was without electric light or power 
for two days. As practically all power used in the city is electric, and 
there being no gas system, the loss and inconvenience from suspension 
of operation of the power plant was considerable. The Alaska Juneau 
Mining Co. suffered considerable damage to the electric railroad con- 
necting the mine and the mill, a slide taking out a section of the steel 
trestle near the mill. The flume conveying the water supply of the 
mill was also damaged. The road to Thane was closed by slides and a 
bridge on the Mendenhall road carried away. 

Fortunately no lives were lost, the effect of the rains being confined 
to damage to property, the suspension of mines, shops, and public 
utilities, and to the general inconvenience suffered by the public. 
Estimated monetary loss sustained, $175,000. 


TaBLe I.—Flood stages in the North Atlantic drainage during October, 


| Above flood 
| Flood | stages—dates. Crest. 
; 
River and station. | stage. 
|From— To— | Stage. | Date. 
Connecticut: | Feet. | | Feet. | 
White River Junction, Vt...........-.. | 13 | 7 9 14.5 5 
Unadilla: 
| | 


I1.—Flood stages in the South Atlantic drainage during October, 


1918. 
Above flood | 
Flood Crest 
River and station. stage 
From—| To— 4 Stage. | Date 
Santee: Feet. | | Feet. 
12 28} (*) 16.2 31 
12 31 (*) | 12.1 31 
Caiawba; | 
Mount Holly, N. 27 | 16.0 27 
Catawba, S, C.... 11 | 27 28 | 18.5 27 
ll 31 (*) | 14,2 31 
Wateree: 
Congaree: | 
15 27 29 20.7 28 
Broad: | 
15 | 27 28 22.4 27 
15 31 (*) 16.7 31 
Saluda: | 
7 | 31 (*) | 8.8 3L 
Savannah: | | 
Broad: | 
11 | 25 25 | 13.5 25 
Chattahoochee: 
16 | 31} (*) | 181 31 
« Continued into November, 
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Taste III.—Flood stages in East Gulf drainage during October, 1918. 
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TaBLeE V.—Flood stages in West Gulf drainage, during October, 1918. 


Above flood 
Flood stages—dates. Crest. 
River and station. stage. 
From To— | Stage. | Date. 

Chattahoochee: Feet. | Feet. 

16 31] (*) 18.1) 31 
Coosa; 

Lincoln, Ala., lock No. 4.............. 17 30 (*) | 19.0 31 
Etowah: 

11 | 30; (*) 18.9 30 
Cahaba: | | 

25 30; (*) | 32.7 | 30 
Tombigbee: j | | | 

} 39 31] (*) | 42.1 31 
Black Warrior: | | | 

Pearl: | 


* Continued into November. 


TaBLe 1V.—Flood stages in Mississippi drainage 


October, 1918. 


(Ohio Basin) during 


Above flood 
stages—dates. Crest. 
stage. 
From , To— Stage. | Date 
New: Feet. | Feet. | 
15 26 | 26 16.0 | 26 
14 26 | 26 16.5 | 26 
Tennessee: 
12 27 | 27 12.0 | 27 
sachs 12 31} (*) 18.7 | 31 
French Broad: _ | 
13 25 | 27 18.7 | 26 
_ 12 29 | *) 19.5 | 30 
4 25; (*) 8.0 | 
Dandridge, Tenn.......... 12 30} (*) 14.0 30 
Big Pigeon: | } | 
6 30; (*) 8.3 30 
Holston, North Fork.: 
cost 8 26 | 26 8.0 | 26 
8 30 (*) 9.0 | 30 
Little Tennessee: 


* Continued into Novem)er. 


pp 

| F lood 
River and station. | stage. 
Trinity: | Feet. 
25 

Rio Grande: | 
16 
Rio Grande City, Tex................- 15 

Guadalupe: 


Crest. 


Above flood 
stages—dates. 
| 
From— To— | 
23 | 24 | 
27 | 29 | 
| 
23 | 24 
| 
29 30 | 


Stage. Date, 
Feet. 
30.0 | 24 
29.0 28 
15.6 | 22 
17.8 | 24 
19.2 | 30 


MEAN LAKE LEVELS DURING OCTOBER, 1918. 


By Unirep States Lake Survey. 


[Dated: Detroit, Mich., Nov. 5, 1918.] 


The followmg data are reported in the 


Mariners”’ of the above date: 


Lakes.* 
Data. | Michigan| | 
Superior, and | Erie. | Ontario. 
| Huron. | 
i 
Mean level during October, 1918: Feet. | Feet. | Feet. | Feet. 
Above megan sea level at New York...... 602.49 | 581.18 | 572.29 | 246. 00 
Above or below— 
Mean stage of September, 1918. ...... —0.05 | -—0.32; —0.18 —0. 20 
Mean stage of October, 1917...... ---- 0.14) -0.16| —0.55 —0. 68 
Average stage for October, last 10 | 
—0.14 | +0.77|) +0.21 +0. 18 
Highest recorded October stage ....-. —1.07 —1.76} —1.4l1 —1.81 
Lowest recorded October stage... .... +0.91 +1.58 $1.49 —2.33 
Average relation of the October level to— | 
* Lake St. Clair’s level: In October, 575.50 feet 


“Notice to 


| 
| 
| 
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SECTION V.—SEISMOLOGY. 


SEISMOLOGICAL REPORTS FOR OCTOBER, 1918. 
W. J. Humpureys, Professor in Charge. a 
(Dated: Seismological Investigations, Weather Bureau, Dec. 3, 1918.} . 
Tasie I.—Noninstrumental earthquake reports, October, 1918. 
| Approxi- | | 
mate | Approxi- | 
| 4s , Approxi- é Intensity, | 
Day. | Station. maie werd Rossi- | Duration. Sounds. | Remarks. Observer. 
| WiC! nde, | ; 
| Civil. | { 
| | 
ARKANSAS, | 
| 34 33 Loud..........| Like an explosion, followed by three | Arkansas Gazette. 
| | bumps and rapid rocking. 
| Black Rock........... | 36 O08 | | 8. J. Howe. 
| 34 53 07 5 | 1 Few | None..........| Abrupt trembling SE-NW............ | Hl. L. D. Whitson. 
| Carlisle........... 5 1 | Rumbling...-. | Gradual rocking and trembling........| J. F. Gillespie. 
BROOK | 34 45 92 06 Rumbling.....| Abrupt rocking N-S........... | R.E. Stevenson, et. al. 
35 15] 91 39 Rumbling...... A series of quivers; windows rattled. | Sarah Cypert. 
| | | furniture moved. { 
13 | 10 00? | Black Rock........... 36 OS | 91 02 2 3 30 | None..........| Three abrupt S.J. Howe. 
03; 90 55 5 1 30 | Rumbhng...... Abrupt rocking J. E. Pringle. 
| 35? | Pocahontas.........-.| 36 15 | 90 56 5 1 | 30 | Rumbling..... Gradual trembling 0. | 
| 36 91 21 3 1 30 | Rumbling.....) Gradual rocking C. A. Caywood. 

CALIFORNIA, | | | 

39 46) Me 2 1 02} Faint.......-. | Trembling NE-SW Cc. E. MeManigal. 
33° 34) 116 05 3 1 Gradual trembling. ........- Edgar A. Palmer. 
| 4 15? | Mesa Grande.......... | 33 10] 116 46 3 | Very slight jar Edward H. Davis. 
|} 39 03] 122 56 3 1 02 | None..........| Gradual trembling N-S...........-... Mrs. Elizabeth Lawlor. ; 
19° OS 32 41) 115 30 5 1 06 Loud........... Severe lurch N-S accompanied by a | H. M. Rouse. 
| | | heavy muffled explosion, and fol- 
j ILLINOIS. | | | | lowed by loud rumbling and trem- ' 
| | bling. 
| 37 00; 89 10 2 1 O1 | None,.....-..-. Gradual trembling NE-SW .........-- R. T. Lindley. 
MICHIGAN. 
| 
1 6 36 | 47 14] 88 28 3 1 01 | E. S. Gulison. 
TENNESSEE. | | 
16 2 45? | | S| st 2 1 1? 00 | Rumbling...... Gradual R. L. Miller. 
S ist | | 35 09 90 03 5 2 | 02 | Rumbling...-- S.C. Emery. 
2: 30? | $5 12) 88 15 5 Gradual rocking F. H. Kendall. 
| PORTO RICO, | | } 
11-29] 14 15 | Aguadilla............. | 18 26! «7 OO 10 55+ | #20 .. | None.........-. Began with trembling, followed by | William M. Orr. t 
| rocking and bumping NE-SW; 
| buildings thrown down. A tidal | 
| | | | wave swept inland over an area 2 iy 
=) | | miles long and a half mile wide, 
\ | _ leaving its marks 40 feet high on the 
| | | | eliffs. Thirty houses and 9 lives 
were lost in this tidal wave. First 
| shock lasted 2} minutes, all others 
| from 1 to 5 or 6 seconds and with o 
| | intensities 2-7. \ 
18 67 03 10 554- | #20 .. | None.........- Began with trembling followed by Do. 
| | | rocking and bumping NE-SW; 
| | | } buildings thrown down, but no one b 
| | hurt. Tidal wave swept away 
| | several houses. There were almost 
continuous tremors after the first te 
| | | | shocks, intensifying at intervals for m= 
} | | j several days, and many slight : 
| | | shocks and tremors each day con- \ 
| | tinuing till Oct. 29. Slight shocks ; 
| were still continuing at intervals j 
| | into November. 
18 29; 66 07 First shock was vertical or bumping | F. E. Hartwell. 
| | for 2 minutes; remainder were rock- = 
| | ing or swaying N-S. Second shock 7 
| | lasted a half minute; last four only a mm 
{ | | | few seconds each. 
26 | 18 29 66 07 7 1 20 | None,........- Vertical bump and trembling E-W. .. Do. 
| | 
| 
* Days. 
: 


| 
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TABLE 2.—IJnstrumental reports, October, 1918. 
(Time used: Mean Greenwich, midnight to midnight. Nomenclature: International.) 


{For significance of symbols see Review fer January, 1918, p. 34.] 


| | | | | | 


Amplitude. | | Amplitude. 


Charac-i | Period _| Dis- ChStac | en Period | Dis- | 
Date. ter. Phase., Time. T. tence. Remarks. Date. Phase. Time. | ict — ane Remarks, 
Ag Ax Ags Aw | 
Alabama. Mobile. Spring Hill College. Cyril Ruhimann, S. J. Arizona. Tucson. Magnetic Observatory—Continued. 
Lat., 30° 41’ 44’’ N.; long., 88° 08’ W. Elevation, 60 meters. 
Sec. km. 
Instrument: Wiechert 80 kg. horizontal. Nothing definite 
20 on N 
Instrumental constants... — - 
8... 16 25 07 21... Un- 9 
in? 1626 07 | damped. 8 
16 31 02 15 |*36,000 
16 31 19 15 |*44,000 ...... Phases not well 
Mx. 5 33 05 6 #4000 "ph 
Me .... 6513 10 *3, 000 due | 
My.. 656 13 S00 i Nothing on N 
| | 
*Trace amplitude. eLe...| 18 00 50 Nothing on N. 
Me....| 18 14 45 17 
Alaska. Sitka. Magnetic Observatory. U.S. Coast and Geodetic Fa...-| 18 .. 
Lat., 57° 03’ 00" N.; long., 135° 30’ 06’. W. Elevation, 15.2 meters. California. Berkley. I niversity of ( alifornia. 
Instruments: Two Bosch-Omori, 10 and 12 kg. 
Lat., 37° 52’ 16’ N.; long., 122° 15’ 37" W. Elevation, 85.4 meters. 
V 
Instrumental constants. .{% 10 15 (See Bulletin of the Seismographic Stations, University of California.) 
1918 H.m.s.| Sec. | uw | km. 
| 14 33 40 |........ California. Mount Hamilton. Lick Observatory. 
| Ly...) 14 47 31 
| Mw 14 50 21 | _ 9 Bae he Lat., 37° 20’ 24’’ N.; long., 121° 38’ 34° W. Elevation, 1,281.7 meters. 
| Mx....! 145507 | - 13 | 420 |.......|..... 
Sede (See Bulletin of the Scismographic Stations, University of Califronia.) 
| | 


Arizona. Tucson. Magnetic Observatory. U.S. Coast and Geodetic 


California. Point Loma. Raja Yoga College. F. J. Dick. 
Survey. William H. Cullum. 
Lat., 32° 43’ 03’ N.; long., 117° 15’ 10° W. Elevation, 91.4 meters. 
Lat., 32° 14’ 48” N., long., 110° 50’ 06". W. + Elevation, 769.6 meters. 
Instrument: Two-component, C. D. West seismoscope. 
Instruments: Two Bosch-Omori, 10 and 12 kg. 


: E 10 14 1918. H.m.s.| Sec. “ “ km. 
Instrumental 49 48 TR 50) Tremors during 24 


hours preceding 
15h. 


California. Santa Clara. University of Santa Clara. J.S. Ricard, 8. J. 
Lat., 37° 26’ 36’ N.; long., 121° 57’ 63’ W. Elevation, 27.43 meters. 


(See Record of the Seismographic Station, University of Santa Clara.) 


~ 
= 
| Mw.... 14 42 30, 
|Ms....| 14 48 12 
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TaBLE 2.—Instrumental reports, Gctober, 1918—Continued. 
| | | | | 
| Period | Di Charac- er 
Date. phase. Time. | — tanee| Remarks. Date. Phase.| Time. | tance| Remarks, 
| An | An As | Aw 
Colorado. Denver. Sacred Heart College. Earthquake Station. A. District of Columbia. Washington. U. S. Weather Bureau—Contd. 
W. Forstall, 8. J. 
Lat., 39° 40’ 36’ N.; long., 104° 56’ 54” W. Elevation, 1,655 meters. H. 
Instrumental constants.......... | 2 40 
1918. H.m.s.| Sec. | p “ km. : 
Le..-- 14 33 15-20 000 y heavy ma- | 
14 34 20 *4,000 chinery in mo- 19 | L..... 2 to | 
Mn. 14 37 5 #8, 000 tion. | 
Fw 15 29. 8... 3 33 33 
| intervals during 3 33 15 
} L 3 57 . 
| | vals during day. 16 31... | 
| a | | S?. 17 32227 Clock failed to reg- 
! ! ~ 
* Trace amplitude. 20 | 
| L..... 12 42 ...| 
District of Columbia. Washington. U. S. Weather Bureau. | F..... 13 15 


Lat., 38° 54’ 12” 


N.; long., 77° 03’ 03’ W. 


Elevation, 21 meters. 


Instrument: Marvin (vertical pendulum), undamped. Mechanical registration. 


District of Columbia. Washington. 


F. A. Tondorf, 8. J. 


Georgetown University. 


Vv Te Oo rar ” ” 
Snstrumentel constants... 180 Lat., 38° 54’ 25’’ N.; long. 77° 24 42.4 meters. Subsoil: Decayed 
1918. Bee. ke. a Instruments: Wiechert 200 kg. astatie horizontal pendulums, 80 kg. vertical. 
| | Apparently Instrumental constants .4N 143 5.2 0 
| | a near-by ’quake. 3.0 0 
14 30 30 |........ +35, 000 *50, 000)...... seisms. 
| 8S? | | 
| | VERTICAL Az. 
* Trace amplitude. * Trace amplitude. 


| 
| 
| 
i | 


* Trace amplitude. 
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TaBLe 2.—Instrumental reports, October, 1918—Continued. 


| Amplitude. | 
Date. [Charac- prose Time. | Period! Dis- Remarks. Date. phase! Time. 
ter. | tance. ter 
| { Ac Ax 
District of Columbia. Washington. Georgetown University—Contd. Hawaii. Honolulu. 
1918. | | | H.m.s, Sec. kim iT. in. 8 
Le. 5 05 28 20 44 
Ly». 5 06 35 
10 02 30 
; | F 10 41 
eS» i L. 14 55 00 
eL cm M 15 09 18 
Lx. 0 39 22 18 30 
| 1 13 P. 12 57 48 
Ly...-| 2 30 27 Mit Does not show on 13 00 54 
iM. 13 07 00 
I 13 42 
14 12 15 18 
i2 19 12 
12 22 .. 
M. 12 26 30 
13 33 
Searesly shows on 20 27 30 
Microseisms. Mt 20 53 48 
C. 21 O04 
i 22 20 
| P 3 34 06 
S. 3 42 48 
Microseisms. No | 3 57 42 
| 5 
| M.. 23.15 
23 28 
3 9 48 12 
| 9 53 06 
| 9 57 
10 28 24 
ates : | L 10 40 
| Data omitted be- eee el 19 33 00 
| cause of uncer- L.....| 19 46 .. 
| tainty of time. | M.....) 19 d1 00 
Clock out of or- Cc 19 53 00 
j doubtful. Clock | L.....| 42300 
| out of order. lM. 43412 
* Trace amplitude. 
Hawaii. Honolulu. Magnetic Observatory. U.S. Coast and Geodetic ; is 5 43 42 
Survey. Frank Neuman. 15 51 06 
if | | 15 58 30 
Lat., 21° 19’ N.; long., 158° 03’ 48’" W. Elevation, 15.2 meters. 16 24 
Instrument: Milne seismograph of the Seismological Committee of the British Associa- 27 ee P 11719 18 
Ts iS..... 17 24 4 
eL....| 17 31 30 
| | l | C...... | 18 09 00 
1918 20 14 


Ocroprr, 1918, 


| 
Amplitude. | | 
jtance., 


: 
! 
| 
i |- Remarks, 
| 


Magnetic Observatory—Continued. 


Waves ill-defined, 
because ofirregu- 
lar motion of the 
paper. 


becatse ofirregu- 
sai lar motion of the 
paper, 


An abrupt change 
at 3b 53m 128 tog 
early for 


Tremors continue 
to the beginning 
quake, 


Obseured by C of 
preceding quake, 


* Trace amplitude, 


476 
| 
Sec. | gp | km. 
19 }*2,100 
1,000 
17 
{ 
| 
| 
| 
j 
| | 


OcroseEr, 1918. 


Date. 


Kansas. Lawrence. 


1918. 
Oct. 4 
19 
19 


: 
Amplitude. 


| ter. Phase. 


| | 
| 
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TasLe 2.—Instrumental reports, October, 1918—Continued. 


University of Kansas. 


and Astronomy. F. E. Kester. 


Lat., 38° 57’ 30" N.; long., 95° 14’ 58’’ W. 
Instrument: Wiechert. 


To € 
H.m.8 See B Km 


Department of Physics 


Elevation, 301.1 meters. 


Disturbance iden- 
tified by press re- 
ports from Pine 
Bhaff and Little 
Rock, Ark. 


Records 
here. 
S not discernible. 
F. phase not clear. 


changed 


S not discernible. 


Maryland. Cheltenham. Magnetic Observatory. U. 8. Coast and 
Geodetic Survey. George Hartnell. 


13 


14 


Lat., 38° 44’ 00’’ N.; long., 76” 50’ 30’’ W. 


Elevation, 71.6 meters. 


Instruments: Two Bosch-O mori, 10 and 12 kg. 


instrumental constants. . 


To 
15 
15 


the 


| Stylus passed off 
ge of the 
paper twice in 


| one direction on 


each component. 


No long waves on 


No long waves on 
eLy 8 E. 
Mn. 
Fy. | 

3 No long waves on 
My 5 07 20 | 

er. 0 30 26 B NO long Waves on 
0@17| 1i8\....... 

94395—18——— 


RY 
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| 
Time. T. 

{ 

| 


Amplitnde i 
Periods 


| 


Dis- 
tance. 


Remarks. 


Maryland. Cheltenham. Magnetic Observatory—Continued. 


| 
1918. | H.m. 8. 
OM Py....| 21 38 41 Nothing on E. 

Sw...--| 21 42 40 
Ly..--| 21 46 12 
My....| 21 49 28 
Fy-..-| 21 52 

19 | @Pw.--| 3 28 42 No long waves on 
ePg...| 3 28 50 
eSy...| 3 33 27 
Ly. 3 39 01 
My... 3 42 18 

| Cy....| 3 44 
Fw-.--| 4 05 

3 48 27 | No long waves o 
eLy..-| 3 56 20 den 

My....| 12 44 00 tain on account 
| 


Massachusetts. Cambridge. 


J. B. Woodworth. 
Lat., 42° 22’ 36’ N.; long., 71° 06’59’’W. Elevation, 5.4 meters, Foundation: Glacial 


sand over clay. 


Harvard University Seismographic Station. 


Instruments: Two Bosch-Omori 100 kg. rca) pendulums (mechanical registra- 
on). 


Instrumental constants. AN 


V 


€ 
80 23 0 
50 25 4:1 


1918. 


Oct. 11 


ll 


12 


12 


17 


17 08 49 


| km 


| 


2,690 | 24° 10’. Destruc- 


* Trace amplitude. 


tive at west end 
of Porto Rico. 
Tidal wave at 
Aguadilla and 
San Juan. N 
stylus not regis- 
tering from 14h. 
24m. 52s. to 14h. 
41m, 28s. E sty- 
lus left drum at 
14h. 28m. 22s. and 
worked on and 
off during M. 
eLE not readil: 

distinguishe 

from S waves. 


--| Asread, velocity 


long waves 
comes out 243.8 
kms. per minute. 
altermating 
waves. 
F lost in next 
record. 


17° 6’. 


-| Mz, 17h. 16m. 52s.; 
1,000 micra. 


30° 37’. 


| i Dis- Charae- | | ' 
9 23 15 i 
eln...| 14 22 01 
My...) 91806; 68/......) @B!...... 
| PSe...| 14 22 40 
| Sp.....| 14 24 01 

eLe?.. 14 25 16 

1918 | | H.m.s.| Sec. | uw | Km. 14 42 .. 12 

Me....| 14 30 13 | 

Fa. ...| 1838 .. | 

Sw....| 17 12 44 B Sp.....| 17 12 25 

My....)171842; 10] 40/|...... es.....| 17 13 39 8 

Cu....| 17 19 30 
12 Cy....| 17 26 .. 
Ly?...| 0 30 11 12 |. 
mi |........| 14621| 10-21 
| 
= 
| 
= 
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TaBLeE 2.—Jnstrumental reports, October, 1918—Continued. 


Ocroser, 1918, 


Amplitude. | Amplitude. | 
\Charac- Pete Remar Charac- Period | Dis- 
Date. "ter, | Phase./ Time. tance.| Date. “ter, | Phase. Time. tance. | Remarks. 
| Ag Aw Ag | An | | 
Massachusetts. Cambridge. Howard University Seismographic Station— — Massachusetts. Cambridge. Howard University Seismographic Station— 
Continued. Continued. 
1918 | See 1918. H.m.s. See. | km. | 
| 17 27 23 salves | tempted  diag- 
Se 17 28 15 | nosis in two 
| eLe... 17 31 51 | Tecords next be- 
| | | Le.-..- 17 33 35 | Sinusoidal waves 
j _ | La....| 19 17 05 
*7,000 |...... | Undamped. | Se quake. 
Ly....| 2 30 37 BONES | 
| 12 47 05 | | Le. 18 53 32 | 
€Ly...| 12 50 44 | | Ls 19 OL 17 | 
eLx...| 12 54 20 | La 19 17 05 
Trace. 18 postes 7,000?) Pand§ lost in mi- 
| tudes very slight. La....| 12 45 20 
| 21 30 13 |........ 3,235, 29° 19’. P lost in | 
Sw....| 21 41 30 | microseisms. — - - 
| © Trace amplitude. 
Lm. ...| 21 46 22 | Missouri. Saint Louis. St. Louis University. Geophysical Observa- 
| 21 42 | tory. J. B. Goesse, 8. J. 
Lz....| 2 18 31 | | Lat., 38° 38’ 15’ N,; long., 90° 13’ W. Elevation, 160.4 meters. Foundation: 12 
L..... | 221 19 | feet of tough clay over limestone of Mississippi system, about 300 feet thick. 
| eLz.. 3 39 03 | 1918. | 
eLw...| 33907} 9 22 36 Pine Bluff, Ark. 
*2/7,500  Undamped. | L....- 9 22 48 
Fr.-.-| 4 33 metically. Py 14 20 30 Porto Rico. 
2,630 | Similar to record of | 14 20 ? 
Py....| 3 48 20| Oct. 11, 1918, O: | Sn.-..| 14 25 24 
iPy...| 3 48 47 | 14h. 14m. 14s. | 25 20 
Onx.....| 34943} 24|....... See Lg.... 14 27 30 
Se 3 52 35 | 7 | 14 27 48 
Sy....| 353 09 | Mx 14 30 12 
en?.-..| 353 17 | Mw... 14 31 30 
Le....| 353 44 | Me.... 14 32 36 
ela...) 355 16 10 .. 
Le....| 401 36 13 $500 Damped 14/1. | 17 20 36 
Mx 4m 17 35 . 
| 452 3 38 8 
O?....| 15 33 110° P not | | 3.32 48 
| Sa?....| 16 00 00 identified among | By...-| 33390 
| Op..... | 16 04 19 small micro- La....| 33436 
| @p....-| 16 13 19 seisms. N gave | My...-; 3 40 12 
16 26 09 a less definite 3 40 42 | 
| 16 in next ‘quake. Be-- .| No record on 
| | 16 | 
i | to | 16 . | 3 56 06) 
| Lu....| 16 | Mx....| 4 03 00 
to | 17 | 420..} 


* T race amplitude. 
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| 

| 

| 

| 
| 
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2.—Instrumental reports, October, 1918—Continued. 
Amplitude. | | Amplitude. 
Peri Charac-! | 
Date. Phase. ‘Time. Remarks. Date. | “ter. | Phase. Time. Remarks. 
| Ap An | Ae | An 
New York. Buffalo. Canisius College. John A. Curtin, 8. J. Panama Canal. Balboa Heights. Governor, Panama Canal. 
Lat., 42° 53’ 02’" N.; long., 78° 52’ 40’ W. Elevation, 190.5 meters. Lat., 8° 57’ 39” N.; long., 79° 33’ 29” W. Elevation, 27.6 meters. 
Instrument: Wiechert 80 kg. horizontal. Instruments: Two Bosch-Omori, 100 kg. 
VT V 1% 
Instrumental constants.. 80 7 5:1 Instrumental constants.. 35 20 
(Report for October, 1918, not received.) (Report for October, 1918, not received.) 
New York. Fordham. Fordham University. Daniel H. Sullivan, 8S. J. 1918. | Sec. | Km. 
Lat., 40° 51’ 47” N.; long., 73° 53’ 08" W. Elevation, 29.3 meters. 
Instrument: Wiechert, 80 kg. Lz..-.| 14 22 07 
V Me Ly..--, 14 22 16 
E 72 5.0 0 27 | 
instrumental constants. 72 5.0 0 Mic... | *16,000}...... 
New York. Ithaca. Cornell University. Heinrich Ries. 
Instrumental constants. . N to measure. 
1918. | | 3 30 46 
Fy. #1, 100 |...... 
Sw 
Ly.. 0 37 
| 
| 
| Porto Rico. Vieques. Magnetic Observatory. U.S. Coast and Geodetic 
Ly....| $8218 Survey. Wallace M. Hill. 
| | ° . ° 
12 | P indistine, pos- Lat., 18° 09” N.; long., 65° 27’ W. Elevation, 19.8 meters. 
27 59 at. Instruments: Two Bosch-Omori. 
eS 12 28 38 
25 4 at 
ePy...| 21 39 58 Early phases ob- 
@Szg.... 21 44 33 7 |.sccnse|-oesccclacsove secured by micro- (Report for October, 1918, not received.) 
@Sy...| 21 44 40 seisms. 
Lm... 21463222 
> i 1 or stops ng the 
3 35 21 16 32 .. | from their bear- 
Fo | | ings. E was Te- 
| Bnd Nat 1a 24m, 
> | an a im 
same genera 
| character, begin- 
e 15 57 15 ning with waves 
16 04 | of 1 to 2 seconds 
| period. Ina few 
s 19 28 | } r to be two or 
| | sec- 
| 124330... is” | | the time of md 
| | | um Ww 
| Fa... 13... | | short-period 
| Waves superim- 
* Trace amplitide. poseduponthem. 


} 
3 
4 
| 
| 
j 
AS: 
| | 
| : 
= 
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TaBLeE 2.—IJnstrumental reports, October, 1918—Continued. 


480 
Date a Phase.| Time. | 
| | 
Porto Rico. Vieques. 
1918. | m. s. 
| 16 02 28 
Ly....| 16 02 51 
Ls. 16 02 58 
16 03 08 
16 10 .. 
P 17 04.17 
eLn.--| 17 04 36 
Mw...-| 17 05 13 
Ma.... 17 06 38 
17 OF .. 
F.....| 1738. 
ePg...| 17 18 28 
17 18 54 
Ms 17 19 28 
ePg... 17 24 20 
ePy. 17 24 33 
730. 
18 26 51 
18 27 02 
18 31 
19 09 00 
19 10 03 
eLe. 19 10 06 
M.....| 19 10 3 
F.....| 19 18 . 
ePe...| 20 06 53 
ePx...| 20 07 05 
My....| 20 07 35 
Mz....| 20 07 53 
F...-.| 2017... | 
| ePy...! 21 51 47 
ePy...| 21 51 55 
eP....| 23 32 13 
F.....| 23 39 
eP....| 23 48 58 
F.....| 23 51 
ePx...| 23 58 42 | 
ePz...| 23 58 46 


OW 


SS SES 


Period 


Amplitude. | 


Magnetic Observatory—Continued. 


Sec. 


90) 


10) 10 


14 


16 


17 


18 


Porto Rico. 


| 

Date. Phase.| Time. 


Vieques. 
H. m. 8. 
Py...-' 8 19 34 
8.19 30 
eLes.. 8 19 52 
20 02 
Mn... 8 20 24 
| Mu... 8 20 40 

8 41 
4 52 11 
ePn...| 4 52 19 
4 52 39 
Me.... 4 53 00 
454 17 
5 04 .. 
ePy 18 19 38 
ePs 18 19 45 

18 25 


20 23 56 
2 
Le 20 24 14 


20 32 
0 25 18 
Ly 0 25 42 
0 26 02 
0 28 
_ 0 40 
eee 2 16 21 
2 16 42 
Ly 2 16 48 
2 17 04 | 
My. 218 00) 
224 .. 
4 53 26 
eL 4 53 48 
5 03. 
ePy. 0 13 54 

0 14 14 
OF =. 
@n?....| 3 15 46 
@n?....| 3 16 02 
3 16 14 
eLy 3 16 26 

3 16 36 
Ms....| 3 16 55 
| My....| 3 17 25 
ePs...| 19 20 17 
ePy 19 20 25 
Ly. 19 20 46 
19 81 .. 
| 819 40 
| 819 59 
| Mp....| 8 20 16 
My. oe! 8 20 44 
8 2% .. 
ePyr...| 21 29 29 
ePy,...| 21 29 35 
nee 19 22 54 
Ly....| 19 23 19 
.. 
21 34 13 
Py....| 21 34 17 
Ly....| 21 34 35 
| 21 34 42 
Mz... 21 35 00 
My 21 35 51 
21 37 

_ 21 58 

On... 3 28 12 


Ocroser, 1918, 


| | 
| Amplitude. | 
Period | Dis- | 
| | Ag An 


| 


Magnetic Observatory—Continued. 


km. 


Sec. 
2 


| Possibly 


two or 
three separate 


shocks. 


Distant 
quake. 


arth- 


| 
Di 
tance. Remarks. 
| | de 
“ | km. | 1918. 
| 
13 |........| ePw...| 20 23 47 
Mz... 20 24 43 
My. 20 25 20 | 
13} 900/......| 
| | 
12 |........| Pu..--| 0 33 16 14 |.......| 40 |......| 
| | | 
| 
| 
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TABLE 2.—Instrumental reports, October ,1918—Continued. 
| | Amplitude. Amplitude. 
Date. | Phase.| Time. Remarks. Date. Phase.| Time. Remarks. 
| | As An | AP | AQ 


Porto Rico. 


Vieques. Magnetic Observatory—Continued. Canada. Ottawa. Dominion Astronomical Observatory—Continued. 


VERTICAL. Az. 


Nothing definite 
on | 


| 
| 
| 
| The deformation 
| N_ stylus jarred | € instrument con- 
from bearings | firms the phases 
at 3 42 50; re- | noted, and also 
placed at 3 53. seems to indicate 
phases at about 
16h. 58m. and 
| 17h. 03m. 30s. 
i | The record is so 
Vermont. Northfie U.S. Weather Bureau. Wm. A. Shaw | with the 
Lat., 44° 10’ N.; long., 72° 41’ W. Elevation, 256 meters. | | SASKATOON. Halifax and Sas- 
| | katoon records 
Instruments: Two Bosch-Omori, mechanical registration. 17 12 22 next below that 
Instrumental constants..47 39 16 foreither A or 0. 
eL....| 8 34 48 16 40m. to 9h. 10m. 
| 
on N. D ing about an 
1 ? hour and of small 
| | amplitude. Min- 
ute breaks failed 
| to record. Time 
| approximated 
| from deforma- 
| tion instrument 
whose rate 
only 17mm, per 
| hour. 
} | | 
Canada. Ottawa. Dominion Astronomical Observatory. Earthquake ex... ..| 23 50 12 | 
Lat., 45° 23’ 38’’ N.; long., 75° 42’ 57" W. Elevation, 83 meters. ’ | 
ot 
Instruments: Two Bosch photographic horizontal pendulums, one Spindler & Hoyer, 18 |...----- . 2,890 
Instrumental constants.. 120 26 oe 21 50 .. | 18 | 
| | | | 22 
1918. | H.m.s. | See. | | km, 
| merged in next iP.....| 3 2 30 |.....--- 
‘quake. 3 33 O4 DER 
VERTICAL. Az 


1918, | | H.m.s8., Sec. km. | q 
Oct. 19 |........| @Pw...| 7 05 48 
| OPg...; 7 05 57 1918. 
Ms.... 7 06 41 5 eL....| 14 29 .. 
| > ¢ | 
gE 
| 
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TABLE 2.—JInstrumental reports, October, 1918—Continued 


1918 


Amplitude. | | | Amplitude.) 
Date Phase.| Time. Period Remarks. Date. Phase. | Time. Remarks, 
| AP AQ | | ia | 
i i i i 
Canada. Ontario. Dominton Astronomical Observatory—Continued. Canada. Toronto. Dominion Meteorological Service—Continued. 
1918. H.m.8.| Sec. km. 1918. H.m.s8.| Sec. | w n km 
and O from S-Is 3 34 24 Africa. F lost In 
eL....| 16 29 Sinusoidal L 34924 *1300 |.....-. 
| 16 43 F lost in next 
eS.. 3 54 06 | | Porto Rico. Am- 
| too small and | M..... 493 36 *3000 |.......| ally, 
| eL....| 18 05 54 | too late. | iL. 4 06 09 
| 19 40 @......| 15 50 18 |.. 22m, Light off 
| P?....; 15 56 18 at 17h. 27m. at- 
@y....| 12 33 41 6 Miecroseisms mask ie@......| 1609 18 | tending to in- 
12 38 56 phases. N com- merged into next 
| ponent better of |eL....| 16 28 48 | quake. 
| the two. | M.....| 16 38 48 *1800 |.......|.. 
18 O1 12 quake. 
18 22 36 
Canada. Toronto. Dominion Meteorological Service. 
19 O1 42 
Lat., 43° 40’ 01 N.; long., 79° 23’ 54” W. Elevation, 113.7 meters. Subsoil: Sand and “pet 9? ? ae ee 
clay. | 
Instrument: Miine horizontal pendulum, North. In the meridian. *1400 
Instrumental constant.. 18. Pillar deviation, 1 mm. swing of boom=0.50’’. iM 12 47 00 eK) | 
918. | | H.m. Sec | km 
2 | =) Phases masked by Lat., 48° 24’ N.; long., 123° 19’ W. Elevation 67.7 meters. Subsoil: Rock 
Instrument: Wiechert, vertical; Milne horizontal pendujum, North. In the meridian 
.|2,990 Porto Rico.  De- 
Clear re- Instrument constant... 18. Pillar deviation, 1 mim , swing of boom—0.54" 
5 10 36 |.. 200 |......-}....-.{ thickening. 
Vertical, tz 
14 24 00 6 6,110 | Porto Rico 
14 | 12 28 18? 14 31 4? 8-10 


* Trace amplitude 


Over #25000. 


* Trace amplitude. 


| 

| 

| 

| | 
| 
| 

| 
| 
| 

| 
iit | 
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TaBLE 3.—Late seismological reports (Instrwmental)—Continued. 


Ocroser, 1918. 
TaBLeE 2.—Instrumental reports, October, 1918—Continued. 
| Amplitude. 
Date. phase. | Time. | Remarks. 
| | Ag An 
i 


Canada. Victoria, B.C. Dominion Meteorological Service—Contd. 


Amplitude. 
| Dis- Remarks. 


Charac- Period 
Date. Phase.| Time. T, tance. 


An 


| An 


New York. Ithaca. Cornell University—Continued. 


3.37 dies or Central 
3 America, 
| 
| 
4 
F 
j4, 180 | F merged in next 
| 
27 Do. 
27 
29 


*Trace amplitude. 


TaBLe 3.—Late seismological reports (Instrumental). 
New York. Ithaca. Cornell University. Heinrich Ries. 
Lat., 42° 20’ 58” N.; long., 76° 29’ 09 W. Elevation, 242.6 meters. 
Instruments: Two Bosch-Omori, 25 kg., horizontal pendulums (mechanical registration). 
To 


Vv 
Instrumental constants. .{¥ 


1918. H. m. 8 Sec. kin 
17 28 50 | 
| 17 38 40 | 
§ 17 38 42 | 
| 
| | 
| 18 27 40 | 
14 | Op..... 17 22 
| 17 27 17 
| eLy...| 12 46 25 | 
| | ePy...| 13 44 50 | 
Sy... -| 13 53 07 | 


* Trace amplitude. 


SEISMOLOGICAL DISPATCHES.' 


Pine Bluff, Ark., October 4, 1918. 

E tremors lasting several seconds shortly after 3 o’clock this 
morning were reported from Pine Bluff, Ark. (Assoc. Pr.) 
San Juan, P. R., October 11, 1918. 

There were two earthquakes this morning, the first of which occurred 
at 10:19 and the second three minutes later. They lasted several sec- 
onds, shaking and cracking buildings. Light tremors continued to be 
felt until 1:02 o’clock this afternoon. Gov. Yager estimates the loss of 
life at 150. Unconfirmed reports state that there was great damage 
done by the quake in Santo Domingo. (Assoc. Pr.) 

San Juan, P. R., October 12, 1918. 
A slight additional shock was felt at 4 o’clock this morning. (Assoc. 


Pr.) 
St. Thomas, Virgin Islands, October 12, 1918. 

A heavy and prolonged earthquake was felt here at 10:15 o’clock 
Friday morning (Oct. 11). No damage was done. (Assoc. Pr.) 
Mayagiiez, P. R., October 14, 1918. 

There were more than a dozen distinct shocks felt here in the course 
of the night. Seventy-five per cent of the masonry buildings at Maya- 
gilez are a total loss. (Assoc. Pr.) 


1 Reported by the organization indicated and collected by the seismological station 
at Georgetown University, Washington, D.C. 


: 
| | = | 
t 
1918. | | H.m.s.| Sec. | km. | 
F.....| 23 42 14 
M.....| 22 10:15.}........| #200 
F.....| 22 15 02 |........ 
1918, |H.m.s. | See. 
| Ly....| 10 47 35 | 
15 |........| ePay...| 12:30 24 | 
| @n.....| 12 41 15 | 
Gxt. 17 06 | 7 
| @m.....| 12 47 07 
| @w.....| 12 50 06 
| | Cy.....| 12 52 27 
| 
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SECTION VI.—BIBLIOGRAPHY. 


RECENT ADDITIONS TO THE WEATHER BUREAU LIBRARY. 
C. TatMAn, Professor in Charge of Library. 


The following have been selected from among the 
titles of books recently received as representing those 
most likely to be useful to Weather Bureau officials in 
their meteorological work and studies: 


Bancroft, Wilder Djwight]. 

Some properties of fog. 2 tables. 26 cm. (Reprinted from the 
Journal of physical chemistry, vol. 22, no.5. May, 1918. p. 
[309}-336. ) 

Brotherton, Bfertram]. 

British rainfall, with special reference to Worcestershire. Wor- 

cester. 1917. tables. 22 cm. (Reprinted from Transactions 


of the Worcestershire naturalists’ club for the year ending 31st 
December, 1916. p. 203-221.) 


Flora S{nowden] D[wight]. 
Some common fallacies about Kansas weather. 23 cm. (Ex- 
cerpted from the Transactions of the Kansas academy of science, 
vol. 28. 48th and 49th Annual meeting, Topeka, 1916 and 1917. 
Topeka. 1918. p. 55-60.) 


Great Britain. Meteorological office. 

Professional notes, no. 1-3. London. 1918. 3 v. charts. 
tables. 244 cm. M. O. 232a-c. Contents: 1. On the inter- 
relation of wind direction and cloud amount‘at Richmond, by 
David Brunt. 2. Notes on examples of katabatic wind in the 
valley of the upper Thames. . . at Benson, Oxon, by E. V. 
Newnham. 3. Incidence of fog in London 3ist, 1918, by C. E. 
P. Brooks. 

The weather of the British coasts... London. 1918. viii, 158 p. 
illus. plates. charts(part.fold.). tables (part.fold.). diagrs. 
24cm. M. O. 230. 


Japan. Central meteorological observatory. 
Annual report ... Meteorological observations in Japan for the 
year 1916. Toky6. 1918. cover-title, p.1., 387 p. fold. map. 
tables. 30cm. 


Mercanton, Pfaul] Lfouis]. 

La variation annuelle moyenne de la température de |’air a Lau- 
sanne, de 1887 & 1916. Lausanne. 1918. cover-title, 8 p. 
fold. chart. tables. 214 cm. (Bulletin de la Société vaudoise 
des sciences naturelles. Vol. 52, no. 194.) 


Minas Geraes. Servico de meteorologia. 
. .- Dados meteorologicos. 1915... [Bello Horizonte], 1918. 59 p. 
charts. tables. 324 x 344cm. 


Nationa! research council. Division of geology and geography. 
Introductory meteorology. New Haven. 1918. xii, 149 [1] p. 
illus. plates. charts. tables. 234 cm. Bibliography, p. 
Aad Pa ‘Prepared by the staff of the United States Weather 
ureau. 


Salmon, S. C. 
Some factors in the winterkilling of grain crops. 23 cm. (Ex- 
cerpted from the Transactions of the Kansas academy of science, 
vol. 28. 48th and 49th Annual meeting, Topeka, 1916 and 1917. 
Topeka. 1918. p. 129-131.) 
Shaw, A. Norman. 
Relative humidity. Ottawa. 1917. cover-title. 3 tables. 25 
em. (Reprinted from the Transactions of the Royal society of 
Canada. Ser. 3, vol. 11. 1917. p. 121-127.) 


Spain. Observatorio central meteorolégico. 
Resumen de las observaciones efectuadas en las estaciones de[ 
Servicio meteorolégico espafiol durante el aiio 1916. [Volumel 
12, Madrid. 1918. cii, 1.,570[4]p. fold. map. tables. 24 
cm. At head of title: Direccién general dei Instituto geogrAfico 
y estadistico ... 


RECENT PAPERS BEARING ON METEOROLOGY AND 
SEISMOLOGY. 


C. F. Tauman, Professor in Charge of Library. 


The following titles have been selected from the con- 
tents of the periodicals and serials recently received in 
the library of the Weather Bureau. The titles selected 
are of papers and other communications bearing on 
meteorology and cognate branches of science. This is 
not a complete index of all the journals from which it has 
been compiled. It shows only the articles that appear 
to the compiler likely to be of particular interest in con- 
nection with the work of the Weather Bureau. 


Aeronautical journal. London. v. 22. September, 1918. 

Turner, Charles C. The structure of gusts. p. 285-286. [Ab- 
tract p. 460 this issue. } 

Exner, F. M. von. An Austrian memorandum on a meteorological 
service for the air service in peace time. p. 299-300. [Abstr. 
from Oesterr. Flug-Zeitschrift. | 

British astronomical association. Journal. London. vo. 28. June, 
1918. 

Gibbs, GeorgeJ. Thegreen flash. p. 295-258. [Describes numer- 
ous telescopic observations. Includes sketches. ] 

Engineering news-record. New York. v.81. November 7, 1918. 
Snow removed by various methods at Milwaukee. p. 857-858. 
(rreat Britain. Meteorological office. Geophysical memoirs. London. 

no. 12. 1918. 

Shaw, Napier. The travel of circular depressions and tornadoes 
and the relation of pressure to wind for circular isobars. p. 
19-44. 

Journal of geology. Chicago. v. 26. September-October, 1918, 

Emerson, F. V. Loess-depositing winds in Louisiana. p. 532-541. 

London, Edinburgh and London philosophical magazine. London. °v. 
36. October, 1918. 
Strutt, R. J. The scattering of light by air molecules. p. 320-321. 
Nature. London. v. 102. September 26, 1918. 

Dines, J. S. The dynamics of cyclonic depressions. p. 69. 
[Review of popes by Shaw.] 

Royal meterological society. Quarterly journal. London. October, 1918. 

Fairgrieve, James. Suggestions as to the conditions precedent to 
the occurrence of summer thunderstorms, with special reference 
to that of June 14, 1914. p. 245-252. [Abstract.] 

Brooks, C.E.P. Continentality and temperature—Second paper: 
The effect of latitude on the influence of continentality on tem- 
perature. p. 253-270. 
hapman, S. The lunar atmospheric tide at Greenwich, 1854 
1917. p. 271-280. 

Christy, Miller. The audibility of the gunfire on the continent 
at Chignal, near Chelmsford, during 1917. p. 281-284. 

Whipple, F. J. W. Seasonal variation in the audibility of distant 
gunfire. p. 285-289. 

Mossman, R.C. Notes on the rainall of Chile. p. 294-302. 

Mossman, R. C. Note on summer climate near the east coast of 
Graham Land. p. 302. 

Brooks, C. E. P. The meteorology of Belize, British Honduras, 
1888-1917. p. 302-306. 

Royal society of Canada. Journal. Toronto. 12. 
September, 1918. 

“‘Shadow bands”’ at a total eclipse of the sun. p. 377-379. 

Royal society of Edinburgh. Proceedings. Edinburgh. v. 38. pt. 2. 
1917-1918. 

Davison, Charles. The sound waves and other air waves of the 
East London explosion. p. 115-129. 

Screntific American. New York. v. 119. November 30, 1918. 

Russell, Henry Norris. The heavens in December, 1918; lights 
and shadows, astronomic and aeronautic. p. 440. [Describes 
‘*Cellini’s halo’’ (Heiligenschein) seen around shadow oi aero- 
planes as cast on ground. |} 
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Scientific American supplement. New York. v. 86. November 9, 1918. 
Rondeleux. The theory of cyclones and the method of foretelling 
them. p. 300. [Abstract from Annales Hydrographiques.] 
Seismological society of America. Bulletin. Stanford university. June- 
September, 1918. 
Townley, Sidney D. The San Jacinto earthquake of April 21, 
1918. p. 45-62. 
Rolfe, Frank, & Strong, A.M. The earthquake of April 21,1918, 
in the San Jacinto mountains. p. 63-67. 
Artiold, Ralph. Topography and fault system of the region of the 
San Jacinto earthquake. p. 68-73. 
MacDonald, Berhard. Remarks on the Sonora earthquake—its 
behavior at Tepic, Sonora, etc. p. 74-78. 
Reid, Harry Fielding. The starting points of earthquake vibra- 
tions. p. 79-82. 
Klotz, Otto. Analysis of earthquake waves. p. 83-87. 
Jaggar, T. A., & Romberg, Arnold. An experiment in teleseismic 
registration. p. 88-89. 
Académie des sciences. Comptes rendus. Paris. Tome 167. 1918. 
Véronnet, A. Sur la limite et l’extension d’une atmosphére. 
Application aux planétes. p. 528-531. (Oct. 7.) 
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Académie des sciences. Complesrendus. Paris. Tome 167. 1918—Con. 
Véronnet, A. Limite et composition de l’atmosphére terrestre. 
Aurores boréales, bolides, étoiles filantes. p. 636-638. (Oct. 28.) 
Archives des sciences physiques et naturelles. Geneve. 4 période. v. 46. 
September, 1918. 

Gautier, Raoul, & Rod, Ernest. Moyennes de 10 a 20 ans pour 
les éléments météorologiques observées aux fortifications de 
Saint-Maurice 1908-1917 et 1898-1917. p. 151-176. 

Astronomie. Paris. 22 année. Octobre 1918. 

©; Le climat de la région de Paris. p. 359-360. [Gives monthly and 
me mean temperatures at Parc St. Maur and Juvisy. 1891- 
1917. 

Reale accademia dei Lincei. Atti. Roma. v.27. 1 

Amerio, Allessandro. pireliometro integrale. 
aprile.) 

Agamennone, G. Contributo alla teoria del pendolo orizzontale. 
p. 326-331. (5 maggio.) 

Hemel en dampkring. Den Huag. 16 jaarg. September 1918. 

Visser, S. W. De draagwijdte van den donder. p. 65-70. 

Pinkhof, M. De halo van Heemskerk en Barents. p. 70-73. 


918. 
p. 288-293. (21 


| | 

| 
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SECTION VII.—WEATHER AND DATA FOR THE MONTH. ‘ 


WEATHER OF OCTOBER, 1918. 
P. C. Day, Climatologist and Chief of Division. 


[Dated: Washington, Dec. 2, 1918.] 


PRESSURE AND WINDS. 


The distribution of the mean atmospheric pressure over 
the United States and Canada, and the prevailing direc- 
tion of the winds for October, 1918, are graphically shown 
on Chart VII, while the means at the several stations, 
with the departures from the normal, are shown in Tables 
I and 

For October, as a whole, the average pressure was be- 
low the normal in the Gulf States and northward to the 
lower Missouri and central Mississippi valleys, in the 
northwestern Canadian Provinces, and the extreme 
southern portions of California and Arizona. Elsewhere 
it was generally above the seasonal average. The de- 
partures from the normal were everywhere small, the 
greatest being 0.10 inch in the extreme eastern Cana- 
dian Provinces. (A more detailed discussion of the 
pressure distribution during October will be found under 
‘Forecasts and warnings.’’) 

The general distribution of atmospheric pressure for the 
month favored southerly winds in most northern and 
central! portions of the country, while in the southeast- 
ern districts they were generally northerly. Elsewhere 
variable winds prevailed. 


TEMPERATURE. 


The month opened with cool weather in the Ohio Val- 
ley and to the northward, with frost in the Lakes region 
and the interior of New York and Pennsylvania, and to- 
ward the middle of the first decade freezing weather was 
experienced in portions of North Dakota and Minnesota, 
and during the next few days it occurred locally in New 
York and New England. Elsewhere throughout much 
of the decade the temperature was above the normal, par- 
ticularly over the central and southern Great Plains and 
part of the lower Mississippi Valley, where it averaged 
about 6° a day above the normal. During the re- 
mainder of the first half of the month seasonable tem- 
peratures prevailed generaily and similar conditions ex- 
isted during the last half of the month, with no unusual 
fluctuations except that in southwestern California the 
temperature near the end of the month was decidedly 
above the seasonal average. 

For the month as a whole the temperature average was 
above the normal in all sections. Im portions of the 
Northeast and Northwest, the excess was about one 
degree a day, while in portions of the South and the Great 
Plains States, and the far Southwest the excess was about 
6° a day. 

PRECIPITATION. 


During the first decade rather frequent end heavy 
rainfall occurred in many locelities from the Lakes 
region to the Atlantic cosst; elsewhere east of the Rocky 
Mountains the falls were mostly unimportant. However, 


near the close of the decade heavy local rains fell in the 
central Gulf coast States and the Southern Great Plains 
region. West of the Rocky Mountains rain set in over 
the central and northern portions early in the month 
and continued for nit days, relieving the severe 
drouth that had prevailed in that section, but causing 
damage to fruit in the process of drying in California. 
At the beginning of the second decade showery weather 
prevailed in the Mississippi Valley, and during the next 
several days the rain area extended over practically all 
districts east of the Mississippi River. During the latter 
part of the deeade showery weather continued for several 
days, with some torrentia! loca! rains in the lower Missis- 
sippi Valley. Rain also fell in the central and northern 
plateau and Pacific Coast States and at the close of the 
decade rainfall was general and at a number of points 
heavy in practically all districts east of the Rocky 
Mountzins. Early m the third decade rains again set 
in over the Great Plains region and during the following 
few days unsettled, showery weather prevailed in the 
Gulf region and interior valleys, with heavy falls in 
northern Texas, the central Gulf States, and the southern 
Appalachian region, nesrly 6 inches having fallen a 

Asheville, N. C., in the 24 hours ending with the morning 
observation of the 25th. Toward the latter part of the 
decade unsettled, showery weather prevailed for several 
days from the Gulf northward to the Hudson Bay region 
and to the eastwerd, with heavy falls in the Southern 
States. The month closed with fair weather throughout 
the central and western districts, except along the north 
Pacific coast, where light rein prevailed. 

For the month as a whole the precipitation was 
exceptionally heavy in the southern portion of the 
Appalachian Mountain region and thence southwestward 
to the Gulf; it was also fairly heavy in western Towa, 
eostern Nebrasks, over the greater portions of Kansas 
and Oklahoma, end along the north Pacifie coast. 
In the Atlantic States the amounts were generally light, 
end but little precipitation occurred in the mountain and 
platesu States and over the greater part of California 
snd the far Southwest. [In the principal agricultural 
districts the ground was well supplied with moisture at 
the close of the month, except in the Atlantic Cosest 
States and from the Dakotas westward to the Rocky 
Mountains end in perts of the far Southwest. 


RELATIVE HUMIDITY. 


The relative humidity for the month was above the 
normal throughouf the whele country, except locally 
along the Pacific coast and in portions of the upper Lakes 
region and westward to the Dakotas, where there were 


sheht deficiencies. 


GENERAL SUMMARY. 


For October as a whole the weather was favorable for 


nearly all farming operations. The gathering of corn 
progressed satisfactorly, although this work was retarded 


somewhat by rain during the latter part of the month in 
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southern districts and some damage resulted. The crop 
was mostly matured before frost and the quality was 
generally good. The prevailing high temperature was 
very favorable for the development of the late bolls and 
the top growth of cotton, especially in the central and 
eastern portions of the belt; and, while rainy weather 
caused some delay in picking and ginning, this work 
made excellent progress. The weather was expecially 
favorable for winter grains, and the condition of these 
crops was generally excellent; also the area planted was 
larger than usual in the Central Valley States. Potato 
digging made satisfactory progress, and the moderate 
weather was favorable for the growth of late garden 
truck in most Southern States. The harvesting of sugar 
beets progressed favorably and, while sugar cane was 
backward, the prospect for this crop was generally good. 
The weather was favorable for pastures, and live stock 
was in good condition. Citrus fruits in Florida and 
California progressed satisfactorily and the weather was 
generally favorable for the maturing and harvesting of 
other fruits. 


Average accumulated departures for October, 1918. 


Relative 
Temperature. Precipitation. Cloudiness. humidity. 
32 
1° F.|° lms. | Ins. | Ins | 0 Pct 
New England........ | §2.6| +2.3\— 8.4) 2.31/-1.30— 4.20) 6.0) +6.¢ 3 
Middle Atlantic......; 59.0) +3.4,— 0.7) 1.72;-1.50— 5.50, 5.2, +0.5 75, 
South Atlantic....... 67.6) +3.9+ 5.5) 2.70\—1.20—13.40) 6.3) +2.3 7 +3 
Florida Peninsula. | 78.9) +2.2\4+ 5.5) 5.21/-1.00 —16.00} 6.2) +1.6 80) 1 
Fast Gulf...........- | 70.31 44.814 9.1) 8.29145.504 1.00, 6.7) 429 si] 4 
West Gulf........... | 69.3) +2.7/+ 7.9) 3.69|+0.90— 8.10) 5.4, 41.7, 68) 
Ohio Vailey and | | 
Tennessee. .......- | 60.7) +3.8— 1.7) 3.32/+0.80 — 3.10} 6.0) +1.¢ 74, +2 
Lower Lakes. ....... 54.01 +2.2\— 7.5, 2.97| 0.00'— 1.40, 6.0: 402 75] +1 
Upper Lakes........; 50.6) +2.9— 8.4 3.17/4+0.40— 3.00, 6.3 40.3 79) 
| | | | | 
North Dakota....... | 46.6) +4.0+11.0, 0.68/-0.60— 3.70] 5.1 69) +3 
Mississippi | | | | 
56.1) 0.7) 2.7714+0.30— 2.00) 5.8 41.3 74) 
Missouri Vailey.....- 57. 0! 6) 2.82 +0.90 — 3.80) 5.1) +1.0 70) +4 
Northern slope......., 49.4) +4.8)+ 9.1) 0.86 —0.104 1.30) 5.2 40.9 68) +4 
Middle slope......... 59.4) +3.8/+10.9) 3.00+41.504 0.30) 5.4 41.9 69, +58 
Southern slope....... 64.6. +2. 2/+13.6 3.04 +0. 6.60) 3.9) +0.2 65 Li 
| 
Southern Piateau.... 61.7) + 1.9}+ 1.6; 0.20) 2.7; +8 
Middle Plateau...... 53.6) + 5.6) 0.74—0.10 0.50) 4.2) +0.9 
Northern Plateau....) 53. 3| 5} 1.52:+0.30|— 1.00) 5,7! +1.1 67; +6 
North Pacific. ....... 4.1) +2.4/413.1, 4.51 3.70) 7.1) +0.7 85} +2 
Middle Pacific. 61.1] +2.41+ 6.2) 0.45 4.20) 3.6 —0.2) 69] +42 
South Pacific... 68. 0.34 —0.50+ 2.30; 3.0 —0.1, 64 —3 


V'EATHER CONDITIONS OVER THE NORTH ATLANTIC DUR- 
ING OCTOBER, 1917. 


The data presented are for October, 1917, and com- 
parison and study of the same should be in connection 
with those appearing in the Review for that month. 

Chart IX (xivi-91) shows the averages of pressure, 
air temperature, water-surface temperature, and the pre- 
vailing direction of the wind at 7 a. m., 75th meridian 
time (Greenwich mean noon). 

Notes on the location and courses of the more severe 
storms of the mouth are included in the following general 
summary. 
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PRESSURE. 


The distribution of the mean atmospheric pressure for 
the month differed considerably from the normal in some 
respects. The North Atlantic Hien, with a crest of 30.3 
inches, was practically normal in position but of greater 
intensity than usual. The Icelandic Low of 29.4 inches 
was well developed and considerably below the normal 
in intensity, the gradient between the two areas being 
remarkably steep. The pressure over the western divi- 
sion of the ocean was near the normal in the southern 
section and slightly above in the northern. 

The following table gives for a number of selected 
5-degree squares the average pressure for each of the 
three decades of the month, as well as the highest and 
lowest individual readings reported during the month 
within the respective squares. 


Pressure over the North Atlantic Ocean during October, 1917, by 5-degree 


squares. 
Decade means. | Extremes. 
squares. | 
| Highest. } Lowest. 
T ati songl- Tes- res- | 
Latitude. Code. sure. | Date. | sure, | Date. 
| Inches. Inches. Inches. | Inches. October. Inches. | October. 
60-65 N | 20-25W! 29.55] 29.77, 29.7 30. 22 13 29.18 24 
60-65 N 0-5 FE 29.39; 29.61 29. 25 30. 04 19 28. 73 25 
55-60 N | 35-40 W 29.82 | 29.88 30. 00 30.32 — 9,13 29.38 2 
55-60 N | 10-15 W 29.57 | 29.63 29. 51 29.92 5 29.09 24 
50-55 N | 55-60 W 29.94 | 29.97 30.05 30. 50 24 29.47 5 
50-55 N | 25-30 W 30.02 | 29.92; 29.99 30.39 | 13 29. 52 | 30 
50-55 N 0-5 W 29.68 | 29.75; 29.7 30. 20 20 29.07 | 13 
15-50 N | 65-70 W 30.01 | 30.03 39. 04 30.48 24 29. 50 1 
45-50 N | 40-45 VW 30.22; 30.31 30. 21 30. 52 4 29.70 30 
45-50N | 10-15 W 30.08; 29.99 30.01. 30.39 29.70 13,30 
40-45 N | 50-55 W 30.21 | 30.20 30.18 30.47 3, 29.80 1 
40-45 N | 25-30 W 30. 36 30. 24 30.27 30. 60 5,21 29.80 | 31 
35-40 N | 75-80 W 30.11 30.11 30. O8 30.30 2 29.60 30 
35-40 N | 35-40 W 30.39 30.31 30. 23 30.60 5 30.00 31 
35-40 N | 10-15 W 30.17 |* 30.18 30.16 30.37 6 30.03 — 27 
30-35 N | 50-55 W 30. 22 30. 20 30.09 30. 36 5 29.98 | 28 
30-35 N | 25-30 W 30.30 30. 26 30. 21 30. 50 ll 30.06 | 19 
25-30 N | 90-95 W 30. 07 30. 00 39.05 30. 21 23 29.80 25 
25-30 N | 60-65 W 30. 07 30.10 30. 07 30. 20 18,30 29.96 | 1,25 
25-30 N | 15-20 W 30. 10 30.15 30.10 30.30 il 29.99 25 
20-25 N | 75-80 W 29.99 29.97 29. 97 30. 25 7 29.91 | 20, 24 
23-25 N 0-55 W 30. 07 30.05 30.00; 30.20 6 29.95 25 
15-20 N | 35-40 W 30. 02 30. 01 29.98 30.11 4,6 29.93 21 
10-15 N 80-85 W 29. 88 29. 86 29.85; 29.92 | 2 29.89 22 


* Mean of last 11 days of the month. 


The mean values presented in the above table are 
based on the interpolated daily pressure for each square 
on the daily synoptic charts of the North Atlantic, com- 
piled by the marine section of the Weather Bureau. The 
extremes are the highest and lowest actual readings ab- 
served within the respective squares. 


GALES. 


There were fewer gales than usual over the entire 
ocean, with the exception of a limited area in the eastern 
part of the steamer lanes, where the number of days on 
which they were observed was slightly above the normal. 

On October 3 a Low of 29.13 inches was central in the 
vicinity of the Shetland Islands, and a vessel about 250 
miles east of that point encountered a westerly gale of 
over 60 miles an hour. On the same day a HIGH with a 
crest of 30.54 inches was off the Canadian coast, and 
moderate gales were reported by a few vessels between 
the two areas. 

On the 4th this Low surrounded the coast of the 
Scandinavian peninsula, the barometer at Christiansund, 
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Norway, reading 28.93 inches, with strong northerly 
gales between there and Iceland. On the same day a 
Low of less intensity (I on Chart [X) was central near 
Quebec, while moderate winds prevailed along the Cana- 
dian coast. Low I moved northeastward with a fair rate 
of speed, and on the 5th covered the east coast of Labra- 
dor; it had increased somewhat in intensity, as moderate 
southerly and southeasterly gales were reported from the 
easterly quadrants, while fog occurred off the Banks of 
Newfoundland. tow I increased in its rate of transla- 
tion, and on the 6th the center was near latitude 48°, 
longitude 30°, the wind and weather conditions remaining 
about the same as on the previous day. On the 7th the 
center of this disturbance was near latitude 60°, longitude 
15°; it had increased considerably in intensity, and 
strong northwesterly gales were encountered in the 
westerly quadrants. This Low remained practically 
stationary during the next 48 hours, although the 
storm area had increased in extent, and-on the 8th and 
9th winds of gale force swept over a large territory be- 
tween the European coast and the 40th meridian. 

On the 12th a well-developed Low of 28.96 inches sur- 
rounded the north coast of Scotland, and heavy gales 
prevailed between the 45th and 62d parallels, and the 
European coast and the 25th meridian. This Low moved 
eastward and on the 13th covered the North Sea, remain- 
ing about the same in intensity, with a minimum baro- 
metric reading of 28.95 inches. Gales still swept the 
Kuropean coast, although they did not extend as far 
west as on the 12th. 

From the 13th to the 18th there were a number of 
shallow depressions over various parts of the ocean, and 
light to moderate winds prevailed during that period. 
On the 19th a moderate Low was central near latitude 
57°, longitude 23°, and southerly gales occurred in the 
easterly quadrants. On the same day a HIGH with a 
crest of 30.54 inches surrounded the Canadian coast, and 
vessels a short distance east of the Banks of Newfound- 
land reported northerly winds of gale force, where the 
barometer reading was over 30.2 inches. By the 20th the 
Low had moved about 15° toward the east, and southerly 
gales occurred off the European coast. The Hien had 
drifted slowly southward and the winds over the western 
division of the ocean were from: light to imoderate. 

On the 22d the North Atlantic HigH had become un- 
usually well developed, with a crest of 30.62 inches, and 
vessels near the Azores, about 300 miles south of the 
crest, reported northeasterly gales of from 40 to 50 miles 
an hour, while the barometer readings ranged from 30.40 
to 30.50 inches, at the same time there was a Low of 
inarked intensity off the Scandinavian coast, but on 
account of lack of reports no information is available as 
to weather conditions. On the 23d the positions of both 
the high and low areas were nearly the sa:ve as on the 
previous day, and winds of gale force still prevailed over 
the azores, although of somewhat diminished force. 

On the 24th, Norfolk, Va., was the center of a Low of 
29.60 inches, and moderate northwesterly gales were 
encountered off the coast between Hatteras and Savannah. 
On the same day a disturbance covered the territory 
between Iceland and the Shetland [slands, and south- 
westerly gales with hail were reported from the southern 
quadrants. On the 25th, the American Low, having 
moved northward, was central near Montreal, and a few 
reports were received from vessels off the coast between 
Halifax and New York, that denoted winds of gale force. 
The European Low had moved rapidly eastward, increas- 
ing in intensity, and on the 25th it was central near 
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Skudesnaes, Norway, where the barometer reading was 
28.63 inches, the lowest reported during the month. 
Violent gales, with hail, swapt a large territory between 
the 25th meridian and the European coast, the storm 
area extending as far south as the 45th parallel. On the 
26th the Canadian tow had begun to fill in, and the 
Seandinavian disturbance, while remaining nearly sta- 
tionary in position, had decreased slightly in intensity, 
although heavy winds with hail were still encountered 
north of the 55th parallel, and east of the 20th meridian. 
On the 27th this Low was in practically the same region 
as on the previous day, and heavy weather still prevailed 
in the vicinity of the Shetland Islands and adjacent 
territory. This depression covered a large area between 
the 20th meridian and the Scandinavian peninsula until 
the end of the month, although few reports of heavy 
winds were received from vessels within these limits. 

From the 28th to the 31st there was a Low over eastern 
Canada, and winds of gale force occurred during that 
period between the 40th meridian and the American 
coast. 

AIR TEMPERATURE. 


The average temperature of the air over the greater 
part of the North Atlantic ocean was below the normal. 
Negative departures of from 4° to 5° were the rule over 
the eastern division, north of the 40th parallel, while 
between the Madeiras and the Azores, the departures 
were slightly less. In the waters adjacent to the Cana- 
dian and New England coasts, as well as in the North 
Kast trade wind limits, the temperatures were from 2° 
to 3° above the normal, and in the Caribbean Sea and 
Gulf of Mexico the departures were practically zero. 

The seasonal fall in temperature during the month 
was comparatively small, as were the daily fluctuations. 
In the square that includes the east coast of Labrador, 
where the greatest changes usually occur, the range was 
only 8°, from 41° on the 3ist to 49° on a number of 
different days. 

The following table gives the temperature departures 
for the month at a number of Canadian and United 
States Weather Bureau stations on the Atlantic and 
Gulf coast: 


OF, °F, 

C. B.1.......... 4| Batters, 2.8 
Eastport, Me............... —0.4 | Key West, Fla...........- $0.7 
Nantucket, Mass........... —1.9 |} New Orleans, La.......... —3.1 
Block Island, R. —3.6 | Galveston, Tex... ........ 


WATER SURFACE TEMPERATURE. 


In the waters adjacent to the American coast the 
departures from the normal of the average monthly wa- 
ter surface temperature did not differ materially from 
that of the air. Off the Banks of Newfoundland the 
departures were irregular, ranging from +3° to —3°, 
and along the American coast from +2° in the south to 
—2°in the north. In the western division of the ocean, 
between the 30th and 45th parallels, as well as in the 
Gulf of Mexico, the water temperatures were as a rule 
from 1° to 4° below the normal. In the region of the 
Azores the departures were slightly positive, and through- 
out the northeast trade wind region they varied fiom 
—1° to +2°. 

The greatest daily fluctuation in the water tempera- 
ture occurred as usual in the square between latitude 
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45°-50°, longitude 45°-50°, where the range was from 
48° to 59°, both extremes occurring on a number of 
different days. . 

FOG. 


Fog was unusually rare during the month, the greatest 
amount occurring in the square between latitude 45°-50°, 
longitude 45°-50°, where 1t was observed on five days, a 
percentage of 16, while the normal for that square is 30 

er cent or more. Fog was reported on one day off the 

orth Carolina coast, and also in the Azores, while the 
steamer lanes were apparently entirely free from it, 
although so few vessels reports were received over the 
eastern section, that it was impossible to determine the 
conditions accurately. 


HAIL AND SNOW. 


The greatest amount of hail occurred in the square 
between latitude 55°-60°, longitude 25°-30°, where it 
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was reported on three days, while it was encountered on 
two days in each of the two squares immediately to the 
eastward. 

Only one report of snow was received during the month; 
it was observed on the 5th in the square between latitude 
55°-60°, longitude 15°-20°. 


Winds of 50 mis./hr. (22. 4 m./sec.) or over, during October, 1918. 


| 
Velo- | Diree- Velo- | Diree- 
Station. | city. | tion. Station. Date. city. tion. 
Buflalo, N. Y...... 5| sw. || NorthHead, Wash.| 27 68 | s. 
13 | 54 | sw. || Pensacola, Fla..... 23 53 | se. 
Daloth, 12 | | pe 27 50 | s. 
Mount Tamalpais | || St. Louis, Mo...... 27 66 | sw. 
Cal..............| 14| 50/8. || Tatoosh Island, 
North Head, Wash.}| 4 | 72 | se eS 10 68 | s. 
56 | se. il 62 | s. 
26 52 | se 27 68 8. 
| } 
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CONDENSED CLIMATOLOGICAL SUMMARY. 


In the following table are given for the various sections 
of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the 
stations reporting the highest and lowest temperatures, 
with dates of occurrence; the stations reporting the 

eatest and least total precipitation; and other data as 
indicated by the several headings. 

The mean temperature for each section, the highest 


and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by 
using all trustworthy records available. : 

The mean departures from normal temperatures and 
precipitation are based only on records from stations 
that have 10 or more years of observations. Of course 
the number of such records is smaller than the total 
number of stations. 


Condensed climatological summary of temperature and precipitation by sections, October, 1918. 


Temperature. | Precipitation. 
oo leo | 
Monthly extremes. Greatest monthly. Least monthly. 
Section. | Se | 
Station. Station. ri Sis Station. 8 Station. 
a iA | A A Ria | < 
| oF. In. | In. | In. | In. 
eee 68.6 | +4.8 | 3stations............| 94 6+, Evergreen........... 38 31 || 8.74 |+5.83 | Demopolis.......... 16.57 | Camp Hill...........| 3.36 
63.4 | +2.0 | 2 stations............| 105 ll 27 |; 0.62 |—0.24 | Nutrioso............ 2.65 | 2 stations............ 0.00 
ne, ee 65.6 | +3.8 | Marked Tree........ | 100 5 | Bentonville......... 30 31 || 3.99 |+1.31 | Eldorado............ 8.58 | Osceola............--/ 1.10 
omen nce 105 18 167}; 1.02 |—0.43 | Redding............ 6.29 | 11 stations...........| 0.00 
| 49.3 | +2.8 | Wiggins............. 96 —1 1} 1.23 |—0.07 | Cuchara Camps..... 3.42 | Crawford............ 
rere 76.6 | +3.9 | De Land. 96 7 | Marianna......... 53 31 | 5.84 |+1.42 | Merritts Island...... 13.78 | Cedar Keys......... | 0.30 
69.5 +5.1 | Hazlehurs 97 38 15 |} 4.58 |+1.71 | Clayton............. 15.53 | Valdosta............ 1.45 
Hawaii (September)... 75-3 | +0.8 | 2 stations............; 97 3¢; Voleano Observatory i 22 || 2.76 |—2.84 | Eke Maui........... 13.50 | G stateons.........2.. ; 0.00 
48.8 | +2.2 | 2stations............/ 88 2+; American Falls....... 10 27 || 2.32 |+0.74 | Oxford ranger sta- 6.19 | Challis.............. 0.39 
tion. } 
| | 4 9) Sh 28 3.13 |+-0.75 | Antioch............. 1.90 
57.8 | +3.5 | 2 stations............ 89 23 1 jj 2.88 +0.41 | Marengo ............ | 0.98 
| 55.1 | +4.3 | Shenandoah......... 93 21 29 || 3.64 |+1.18 | Thurman........... 7.56 | Mt. Pleasant........ 1.36 
60.3 | +3.8 | 2 stations............ 4stations............ 21 3.02 142.08 | | 0.93 
62.3) 44.5 | 3 stations... ........ 91 Sri 32 15 jj 3.81 |+1.31 | Harlan.............. 6.91 | Henderson.......... 1.91 
ADEM. 160 6 | 2stations............| 33 28 || 9.18 +6.11 | Cheneyville......... 15. 42 | Plain Dealing....... 3.02 
Marvyland-Delaware..| 59.6 | +3.2 | Western Port,Md...| 89 17 | Oakland, Md........| 21 22 || 1.36 —1.67 | Oakland, Md........ 3.22 | Delaware City, Del..| 0.16 
48.2 +2.2 Winnebago..... 87 2 Grand Rapids......., 12 3 || 2.36 |\+0.19 | Glencoe............. 0.75 
Mississippi...........- | 69.2 +4.5 | 3stations... 96 Gti 2 statéons............ 34 28 || 8.98 |+7.24 | Pearlington......... 18.17 | Hermando........... 2.06 
95 28 3.37 |4-0.71 | Lamar.............. 7.95 | Houston.... 1.18 
eS 48.2 | +4.3 | Crow Agency........ 89 te eS 6 26 |; 0.89 |—0.21 | Haugan............. 3.88 | Fort Shaw.......... a. 
Nebraska............- 55.1 | +4.2 | 3 stations............| 94 10 28 || 2.62 +1.05 | West Point.......... 7.94 0. 43 
53.2 | +3.1 | Logandale...........| 98 10 26 | 0.98 +0.23 | Mahoney rangersta- | 2.48 | Thorne.............- 
| tion. 
New England.........; 50.9 | +2.5 | Fitchburg, Mass....| 82 29 Van Buren, Me....... 19 17 2.89 —0.75 Enosburg Falls, Vt..; 8.33 | Providence, R.I....) 0.65 
New Jersey........---| 57.0 | +3.0 | Indian Mill | $84 29 harlotteburg....... 22 227); 1.25 |—2.43 | Tuckerton........... 2.36 ree 0.74 
New Mexico.......... 55.0°| +1.6 | 2 stations............ | 98 St 10 27 | 1.95 +0.79 | Mountain Park...... 4.48 0.41 
52.0 | +1.9 | Wappingers Falls...| 82 29 | Boli 19 22 | 3.35 |+0.50 | Salisbury............| 7.52 Bedford Hills....... 0.43 
North Carolina. ...... 62.9 | +3.5 5st 90 Banners Elk........' 26 15 || 5.05 +1.57 | Highlands...........| 22.73 | Louisburg........... 0.29 
North Dakota........ 46.2 | +2.4 | Hettinger........... 90 14 | Lamome. ........... 4 28 || 0.54 —0.46 | Larimore............ 1.91 | 2 stations............ 0.00 
56:6 | | | 22 22 | Greet... 4.88 | Sandusky........... 1.13 
65.0 | +3.4 | Mangum............ 106 8 | Ken 27 31 | 5.53 |+3.18 | Frederick........... 10.29 | Smithville. 
91 10 25 || 2.44 |—0.19 | Cascade Locks....... 8.66 | Valley Falls 0.26 
Pennsvlvania......... 55.5 | +3.5 | Lebanon............ 85 15 Mor 19 i9 | 3.17 —0.95 | Mount Pocono...... Sh eee 0. 44 
78.2 0.0 | Naguabo............ i 99 58 lt, 7.31 —1.40 Carite Camp........ 1.08 
South Carolina........ 67.3 | +4.0 | 2 stations............! 92 33 3.75 +0.61 | Walhalla............ 13.91 | Georgetown......... 0. 50 
South Dakota........ | 51.5 | +3.4 | Hermosa............ 94 14 | 3 etations............ 9 28t)| 0.87 —0.41.| Marion......... 
a 63.7 | +4.5 | Savannah..........-. 92 6 Mountain City...... 26 15 |! 5.41 |4-2.47 | Dunlap............. 9.12 | Huntingdon......... 1.42 
68.8 | +2.0 | 4stations............ | 100 6+! Amarillo........ 27 141.38 | 11.58 | Fort Davis.......... 0.00 
51.4 | +3.2 | Lower Mill Creek....| 96 15 | Black’s Fork........ 2 267; 1.42 +0.15 Mammoth ranger | 5.30} Escalante........... 0.12 
} station. | 
60.8 | +3.5 | Franklin............ | 89 6 Burkes Garden......, 22 15 | 2.44 —0.72 | North Holston...... 7.78 | Mayhurst........... 0.45 
Washington ..........| 52.0 | +2.5 | Hatton.............. | 89 2 | 3stations............| 20 3.95 +1.34 Snoqualmie Pass....| 20.32 | Wapato............. 0. 28 
West Virginia........ 58.2 | +3.2 | 2stations............| 89 16¢ Marlinton..-........ 20 15 | 3.69 +0.88 Green Sulphur | 7.53 | Harpers Ferry....... 1.59 
| Springs 
.... 49.8 | +2.3 | La Crosse........... | 86 12 Solon Springs....... 17 243 | 0. 88 
46.8 | +3.7 | 4stations............] 85 0 26 || 0.95 —0.02 | Afton............... | T. 
| 


+ Other dates also. 


DESCRIPTION OF TABLES AND CHARTS. 


(See the Review, January, 1918, p. 48.] 
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Tasie I.—Climatological data for Weather Bureau Stations, October, 1918. 


7 
Elevation of | | 
instruments. Pressure. Temperature of the air. | Precipitation. Wind. | 
Releases, ON FE la’ | |; ws Hols 3 
Ft.| Ft.| Ft. In, In. | In, oF, ° | In, | | | 
New England. lig °F. %, 3) Miles re In. | In. 
76 67, 30,00) 48,2) | 45) 
Portland, Me.......... 103, 82) 117. 30.00 30,12/+ | 58) | 431 30) 46, 42)” 79| 2:39 15| 6,258! 's. al 
6 12) & 30, 12) 7.6| +4.0, 74| 29) 59} 19] 361 41/ 41) 5.21 +2.71 15) 5,419 ls. 7 
125, 115] 188) 29.98 30.12/+ 56.2! +3.9 791 64! 38) 19) 48) 0.90 
Block island.......... Li} 48 30,10 30,13 + 08 55.6) +0.3, 69, 11/ 61, 42/19 17] 53 52 s9| 0.86) —3.2) ow. | | af 
Providence...........- 160 215, 251) 29.94 3012+ 54.4] 42.2 76, 30, 64 36) 101 45| 49, 45° 0.65) 72947) sw (ne. 1) 4} 16 
Hartford | 159 122) 140) 29,94) 30.12\+ .06 55.3) 44.1! 11) 68 34) 19) 45] 331 50 | | 9 
fartford ) 122) 140) 29.945 6 55.3) 77 11) 34) 19) 45): 47, 81| 0.82) 7 5,352! s. sw. 
New Haven | 105 ws 155 $0.02) 30.13 + .07 56.0) +32 77) 11/65 36 19) 47, 28 47, 77| 1.20) 9 6,094] s. | 32 sw. 11) 9} 11) 
Middle Atlantic States. | 59.0 +3.4, | | | | | 
+3. 75, 1.72 -1.5 5.2) 
| | | | 5 2) 
97 102) 115 30,00 30.11 + .95 54.0, +3.6 7 | gl 
Binghamton.....--.-. |} 871 10) 69) 29.18) 05 54.0 29 83 23 19 35 09 31 
arrisburg........ 29.74! 30. .06 58.2) +4.2 80) 161 68 9171 8 | win | isl 
805 111) 119 29.25 80.13. 761 85, 32.191 46) 82 BO 47 40.31 sw. | | 
| 18 13) 49 30.16 + .09 60.0 +0.4 78, 3,67, 42, 53] 23... sec | | gol tal dil 
Sandy Hook.......... | 22 10! 57] 30.11) 30.13 74| 13| 65; 45| 19] 52; 19] 53 0. 741...... ’576| s.. 7\ nw 
ashington........... | 112 62, 85, 30,01) 30.15 60.6) +4.0) 6, 71 34) 23, 50] 35, 48 004s. | 10, 
91) 170! 205! 30.05) 30.15/+ .08 65.2) +3.9| 6] 73) 48 16| 58| 27) 78! 0.79) —3. 9° 548) ne 
ytheville 2,293 49/55 27.76, 30.13 + .04 56.6) +3.0 81] 16) 67) 31/15) 48) 45 51 SL) 6.38) 43.2) 11 3,942) w. | 38 sw. | 30| 14 % 
South Atlantic States. | 67.6) +3.9 
| | | 2) 6.3, 
. | 
2,255! 70} 84) 27.80) 30.1: 05 59 3.8 791 6) 6 
2,288 70) 27. 80 30.14) + 59.1] +3.8) 79] 6) 69 8.4 13, 5,984] se 10} 9| 12) 6.0)..... 
12+ .04 64.0) +2.9) 6) 73 2) 7: 
Raleigh 34.2) +3.7| 6! 74 "7; 4, 5,553 bias 
Wilmington........... .2| +3.9| 85] 61 76 5478) ne. | sw. 
+3.6) 86| 6] 77 4) 8459] ne. 381 el 13] 121 
Columbia, 8S. C........] “8 43.8) 4) 8,452) ne. 38 ne. 19 6) 13) 12) 6.1)..... 
| 180, 62] 77) 29.90 3009-4 69.2 +5.6 46) 10, GO| 331 62, 60 3.21) 40.9 | gl vole 
| 65. 150) 194) 30.01) 30.08/+ .03 71.6) {53 778 53, 9165 21) me. | | 19 Of 19) 
acksonville...........! 43 200) 245) 29.99) 30.044 502 74.5) 13, 93 | | 
| 29.99) 30.04-+ 02 7 +4.9) 88) 7) 79 13 9,208] ne. | 36! se. | 24) 5| 10] 16) 6.9)..... 
lorida Peninsula. | 78.9 +2.2 | 
| +2. 6.2 
Key West | | 5 | | 
Key 80.0 +13 83 85 2.6 18 7,069 ne. 39 25} 8| 11) 12) 5.6)... 
78.9 | 86) 31) 83 —5.7| 14 7,207| e 8 e 6| 13) 12| 6.2)....- 
82 3 80 6.34...... | 18 8,638) e. 44 s 15} 4| 7| 13) 6.3)..... 
9 +4. 7 | 82 2.88 —O.1) 10 4,855, ne. | 25 e. 15} 3) 14] 14) 6.9)... 
st Gulf States. | 70.3) +4.8 | | 8.29) +5.5) 
Atlanta 3.87) 30.10, +.03, 65.8 +3.4 84) 7 7 10 | 
Macon. 370, 78) 87 29.69 30. 08 +.02| 68.9 +5.2\ 89) 61 78 10 ne, alse. | cl 
masville. | 273 58, 29.74) 30.03, —.01| 73.0, +4.8 88) 6) 80 51| 31] 66, 24 G6 82 1.65 —1.8 3,57 
149) 185, 29.94) 30.00 73.5 +41 83, 77 31 70, 68 86 8.09 44.0 16.10, 641 
57| 29.29) 30.08| +.01 66.2} +3.8 86} 75) 41) 31| 32/........ 8.651 +6.3| 10] 4,77 | se. | 
Mobile 87 | 29.93, 29.99 —.05, 73.8) +6.7 53) 31] 67, 22, 68 67) 85 10.57 +7.4) 16, 7,434 e. 45) 23; 5) 11) 
| 223) 100,112 29.80) 30.05, +5.1 8% 6 78 48) 31| 63) 24) 63 60 7 5.32 +2.9 13, 5,020) e | | 6 13] 
Meridian. 375 85 93) 29.62 30.01 —.05 40.4) +6.4 7746 "64 82 he” 
feridian.............. O01 —.05 69. 77 46 28 
New 74 29.74 30.02 —.04 69.4 +4.1 91 7 42 33 all 17,96 414.5) 16 | 8 
| 69.4 | 42) +14. se. | 23 w. | 
| 51) 76, 84 29.92 29.97 —.06 74.6) +5.1 38 81 55, 28) 68 69 67 85 11.07, 14 se. e. 15) 6 11) 
West Gulf States. | 69.3 | | | | 
342.7 68 3.69) 40.9) 
| | 69) +0. | | 
Shreveport...... | 249 77 98 29.73 30.00 —.05 68.8 +3.2 91) 4 | | | | a 4 
1,303, 11 44 28.64 30.00 —.05 62.4 +4.4 87) 6 | | 
Port Smith. "457, 79) 94! 29.52 29.99 —.06 66.6 +4.9 90 6 75 37, 28 58) 33°59 56° 77 2.94 40.1) | 30 sw 
dittle Rock. 357, 139, 147, 29.64, 30.02 —.04 66.5) +3.6 89 6 74 28| 59) 28 60 57, 78 4.14 41.6, 5,271/ e. 
Corpus Christi... 29-96) 29.98, —.02 13 S150) 27) G7) 25) 69 Bi 5.54 $3.5, 96,293 se, 35 10 10 6-0 
Dallas... | 7) 29.43, 29.97...... | 89} 4) 78 42) 27] 27)......... 6| 5,230 se. | 38s. | 28 11] 9 11) 5.1).....| 
Fort Worth...........| 620) 106 114) 29.27) 29.98 —.05 69.0) 91] 4 78 40) 27] 29) 60 65 3.31 40.8 6,067| se. 39 sw. | 28 11) 8 12 
Galveston.............| 54) 106) 114| 29.92) 29.98 —.05 72. -4 84) 20 78 47, 27, 67, 27, 67 65 81 2.78 —1.4 9 6,500 34 nw. | 27 6 18 
Fort Arthur.......... | 204) 66 29.92) 29.96 ...... 71.2...... 8 78 45) 24 66 64 85 9.19...... 116,213 n. 30 nw. | 26, 7) 14 10, 5.4 
-03 71.6, +2.4 7, 82) 42) 27 | 62 58 71 4.05) +2. 4,704) n. | 39 nw. | 26) 13 12 6 4 
30.00....... 69.5 +1.2 91) 80 41 246 4,806 nw. | 31 nw. | 26 10 7 141 


* Oct. 1-24 only. 
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2 | 
| Pressure. | Temperature of the air. 3 | Precipitation. Wind. | 

Districts and stations. a | 83/88/% | Gis Elesj4 3 S| a| . jes 

| | | $81 $8 is | is |e jis 
Ft.| Ft. Ft.) In. | In. In. | °F PR oR %| In| In| Miles! 0-10| In. | In 
nessce. 60.7, +3.8 | | | | 741 3.32] +0.8) 

Chattanooga. .....---- 762| 189, 213) 29.28) 30.10, +.01) 64.7) +3.9) 88) 6) 73) 46) 31, 57, 28; 57) 53) 72) 6.82} +4.0) 13 5,077) ne. | 31) nw. | 31, 8} 11 12] 6.1)..... 

Knoxville........-.--- | 996) 102 111) 29.04) 30.09 .00) 63.7) +5.6) 86) 6) 72) 44) 31 55, 29) 57| 53) 76 5.19) +2.6| 10) 3,663) me. | 22) w. | 24 7| 13] 11] 5.9) T. 

Memphis........-.---- 399} 76, 97| 29.64) 30.06, —.01| 66.6; +4.1] 88) 6) 74) 43) 28 59 26) 60; 56) 75 2.57} —0.2| 10) 4,617) e. 36) sw. | 27| 12) 5) 14) 

Nashville..........--- 168 191 29.50! 30.08 64.0 +3.7) 87, 6 73) 42, 31 55 32 57] 74 3.44] +1.0 14 6,146 ne. | 45 se. | 27, 10! 

989} 193, 230) 29.03) 30.09] +.01 61.1) +4.6) 84 5) 70) 38) 31 52, 4.57] +2.4] 12) 9,479) sw. | 8. 27; 6) 11) 14) 6.3...... 

Louisville.......------ 525) 219 255, 29.51) 30.09 +.01 61.7, +3.3) 86) 71) 41) 31 53, 30, 54! 50} 70; 2.62} 9.0) 10) 7,612) s. 40} se. | 27) 9 13) 5.6)..... 

Evansville. .........-- 431| 139, 175, 29.60 30.07, —.01 62.4 85, 5, 72 41 31 53 30) 55) 72 2.49] 7,494) sw. | 44) s. 27| 9] 13) 9} 5.3)..... 

Indianapolis.........- 822) 194, 230, 29.18) 30.07) .00 58.3, +3.3) St} 65) 37) 31 50 26 52) 48) 75 2.75 0.0) 10) 8,812) s. 44s. 27; 16) 6.7)... 

Terre Haute.....-...- | 575, 96, 129, 29.43) 30.04...... | $6 68} 31) 50, 27, 52) 48) 74) 2.56)...... | 6) 6,830) s. 44s. 9| 12) 10) 5.6..... 

Cincinnati..........-- 628) 11, 51) 29.41) 30.09 +.01 59.0 +0. 6) 85) 5) 69) 38, 29 49 32) 52) 48} 74 2.68) +0.4) 10) 4,813) ne. 31) se. 7| 9} 6) 16) 6.3..... 

Columbus........----- 824 173, 222) 29.22) 30.09 +.01 58.0, +3.9) 83, 5) 68) 39 31 49 28 51) 45, 71 2.09) —0.3, 11) 7,804) se 42) nw. 11} 9} 11) 5.5)... 

899| 181, 216 29.10, 30.06...... +4.4) 83) 5 68) 37, 31 49 29 52] 48) 75 1.64) 0.8 9 6,834] sw. | 39) s. 27; 8| 13) 10, 6.0... 

Pittsburgh.......-.-.- 842) 353] 410, 29.20 30.11 +.03 58.2) +3.3) 78 5) 67) 38; 1 49 27 51) 46) 71 3.08 +0.7) 10 7,370; sw. | 43; mw. | 5| 10) 14) 6.6)..... 

1,940, 41) 50| 28.08 30.15 +.05 55.2) +3.8| 79| 17, 27, 22 42 44 48} 45 80 3.40 +1.0 9 3,657 nw. | 33) nw. | 30; 6 8 17, 6.9..... 

Parkersburg. .....---- 638, 77) $4 29.46 30.11 +.03 59.2 +4.6) 83, 5) 70, 34, 15 49 36 52) 49) 76 3.19 +0.8 11 3,211) se 26) w. 11) 8 121 

| 3 
Lower Lake Region. 54.0, 42.2) 2.97 0.0 60 
| | | | | | 

Buffalo. . 767, 247| 230) 29.24) 30.07, +.02 53.4) +1.9| 73) 27| 60) 37, 15 47) 26 49 45, 77 1.95 —1.6 101,532 sw. | 54) sw 5, 10) 5) 16 6.5)..... 

| 448, 10) 61) 29.59, 30.07...... 48.0) +0.8| 72) 2 27| 39) 28)....|...-|.... 5.21 +1.9 15 7,369 sw. | 40) ne. | 17) 8 9 14) 5.9... 

Oswego | $35; 76) 91) 29.70) 30.08) +.03; 52.2) +1.0) 75) 27) 60) 33, 8 45 30, 47; 44 77 3.78 +0.4) 14 7,516) s 39} ne. 17; 8) 17) 6.5)..... 

Rochester.....-:------| 523) 97) 113) 29.52, 30.09 +.04 53.2) +2.4) 75) 27, 62, 34 22 45 34 47) 43 76 3.28 +0.4 14 5,339) sw 30) sw. 5| 7| 10) 14 6.3)..... 

Syracuse 113) 29.46, 30.11, +.05 53.2) +2.2) 75) 27) 61) 33, 19 45, 28....|.-.. 3.56 +0.4 13 7,829) s 40) s. 20, 8| 9 14 6.0... 

Erie.....- | 714) 139) 166) 29.39 39.07 +.02) 54.8) 41.7) 76] 63) 36 19 47 29 49) 45) 73 3.85 0.0) 12:10,635) s 48] s 20; 9) 10 12) 5.7... 

762) 190) 201) 29.26) 30.08 +.02) 56.0) +2.9) 76) 5, 63) 38! 19 48 27 50) 45) 71) 2.11) —0.6 10) 9,619) s 35] se 28} 10} 9} 12] 6.0)..... 

Sandusky | 629) 62) 103) 29.39) 39.08 +.02) 56.0, +2.1) 79) 64) 33, 19 48) 1.13 —1.3 9) 8,854) sw. | 42/ ne. | 18) 7| 151 

Toledo...--..-- | 628) 208) 243) 29.39) 30.08 +.03) 55.7, +3.1) 76) 5, 61) 38 31 43 3L 50) 46 76 2.99 +0.7, 13 9,954) sw. | 44) s. 27| 13) 4! 14) 5.5).....|... 

Fort Wayne. .-.------| 856) 113) 124) 29.15) 30.08)......! 55.4) +1.7) 76) 4) 64) 35) 1 47, 32 49) 45) 76 2.60)...... 8 6,535 sw. | 31) ne 18) 6) 12) 13) 6.0)..... 

218) 245, 29.28, 30.08, ++.03 55.6) +3.9) 5| 64) 37 31 48 27 49) 46, 77 1.87) —0.5, 11 8,486) sw. | 45) sw 5) 9) 14) 8 

Upper Lake Region. | | 50.6 | | 79 3.17) +04 

| | | | | | | 
609} 13} 92) 29.37) 30.04 +.01) 48.8, +2.9| 78) 5! 58] 31) 1 41 29 45 42) 831 3 73, +0.3, 13) 8,582) se. | 38) s. 27} 5 15 
6i2| 54) 69) 29.35, 30.02) +.01 48.0) 42.9) SI) 12) 55) 31/ 31 41 28 49) 42) 85; 3.20, +0.1) 11) 7,828) s. 37] ne. | 17,12 15 5.7, T. 

Grand Haven 54) 92| 29.35, 30.04 +.01, 52.0) +1.8) 70) 11| 69] 31 44, 30 45 80) 4.42, +1.91 11) s. 40| sw. | 28) 8 8 155.9 T. 

Grand Rapids......... 707| 70) 87| 29.28 30.06 +.02) 53.8 +3.7 5) 63! 34 1 45 35 43) 73, 3.59] +1.0, 11) 4,434) s. 27] nw. 20) 2) 7| 17| 

684} 62) 99) 29.26, 29.99 —.01 45.2) +1.1 12) 53, 39 31 40 26....|....| 87 3.95, +0.8 16, 6,963 | 44 | 27, 8 5 18 7.0, 2.4/1.0 

878, 62) 29.11) 39.06/...... 52.6] +3.9) 77) 17) 63] 29 1 42) 38 46 43, 81) 3.21) +1.0 14) 4,714 sw. | 22) ne. | 18) 7| 13) 11) 6.1)... 

Ludington ............ 60, 66, 29.33 39.03......, 50.4)...... 71| 11) 58] 18 43) 25 46 43) 77, 2.84)...... | 11) 8,112) s. 46] sw. | 28| 11) 5.7 T. 

Marquette. ......-.... 734) 77) 111) 29.22) 39.04, +.03 47.8) +1.7 82) 12) 55) 31] 31 41) 28 43) 39) 77 3.91 +0.7) 13) 7,835) w. | 33) mw. | 20) 14) 14 7.0, 0.3) 0.2 

Port Huron.......---+ 638, 70) 120; 29.35, 39.05, +.01) 53.1) +3.6) 75) 61, 34! 31 45) 28, 48) 45! SI) 1.45) —1.3, 12] 8,355, sw. | 36] ne. | 17] 5) 16 10, 5.9)..... 

5| 30.05|......| 79| 5) 63| 32| 31 43 36 46) 42) 77) 2.75, 0.0, 10) 7,215 s. 33] sw. | 281 8) 11| 12) 5.7\..... 
30.04, +.03) 46.2) 70] 30) 1 39) 32 42 40) 84) 4.38, +1.1) 20! 6,706; e. 38) w. | 20) 5} 9) 17) 
30.05, 4.01 57.4, 44.2 80; 64 37 31 26 St 71) 2.98 40.4 9 nw. | 36 ne. | 18) 9 
30.01) —.01 51.3) +4.2) 82) 12) 60) 32 31 43, 29 45, 41) 74) 2.18 —0.2 8,731| sw. | 42/8. | 28/10 7| 14) 
30.03, .00 54.8) +4.6 81) 15) 62) 35 31 45, 33 48 44 74 2.42 8 8,306 sw. | 39 e. 27) 11) 7} 13) 
30.00! —.02 45.4) +0.2) 76 12 26 31, 39 29 49 80, 2.18 —0.6) 1210,210 ne. | 65 w. | 12 9 4:18 6.6 
| | 46.6 +4.0 | 69 0.68, —0.6 tsa 
| | 
940, 57, 29.00) 30.03, +.03, 47.6, +4.8 80) 11) 58) 24) 31 37 43 41) 75) 1.51) —0.6) 10) 6,817) nw nw. 121 7 10 

Bismarck ........-.--- 1,674 8 57) 28.26, 30.06, +.07 47.5, +3.4, 89) 14) 60| 13, 28 35, 48 40, 33) 65) 0.28, —0.8| 3) 6,855) nw. 351 nw. | 12,13 8 10 4.6 T. 

Devils Lake.......---- 1,482, 11) 44, 28.41) 30.01) +.02 44.4) +3.9 74) 55, 20 27 34 37 37 32, 72, 0.55) —0.7 7 7,394 nw. | 40] nw. | 12/12) 8 11 5.3 2.0). 

Ellendale; 1,437 10) 56; 28.45) 30.03)...... 47.6)......| 80) 4) 60) 17) 27 35 43 40 33) 66 0.23)...... 4) 9,985 nw. | 48 21) 11 11) 95.3 

Williston............-- 1,872, 41) 48, 27.99 29.99, +.01 46.7) $3.8 11) 58) 13, 31 35 42, 39) 32) 63 0 —0.4) 6) 6,088) se 36) nw. | 12) 10} 10, 5.5) 0.2)... 

| 36.1) +3.3 | 2.77] +0.3 | 5.8 

Minneapolis........... 10) 208, 29.00, 29.99)...... 81| 16) 59} 28| 31, 43) 30)....|.... 2.31] —0.3, 11) 8,828) s 3s) nw. | 12) 5 17) 7.0. 

837| 201) 236) 29.09) 30.00) —.01) 50.2) +2.1) 12) 58) 27; 31, 42, 29....|.... 81] 2.61! +0.3, 12) 9,275) se. | 39) 12/10 5) 166.5 2.7).... 

11) 48) 29.23) 39.01; —.01 51.8} +1.9) 86) 12) 62) 30) 31 42) ---| 1.57] —0.9| 9) 3,978) s 20) nw. | 12) 8 7 16) 6.2) T. |.... 

Madison... ....... 974) 70) 78) 28.99) 30.04) +.01 52.9) +4.1) 78) 5] 62 32 31 44 33 46) 41) 72) 3.13) +0.7 10 7,140| sw. | ne. | 17] 13, 4) 14) 5.8 

Charles City.......-.-- 1,015) 10) 49) 28.94) 30.02) .00 51.6, +3.4) 84) 12) 62 31 42, 35 45, 42) 78 3.13) +1.1) 7) 4,872] nw. | 24) se. 12} 7| 12) 5.6) T. |... 

Davenport ...........- 71) 79 29.38) 30.04! .00 56.1) +3.5) 83 16, 66 33, 25 48, 32 49, 44) 73) 2.45, +0.1 10 5,663) 30) sw. | 27] 12) 6) 13) 5.5, T. 

Des Moines... ........- 84] 97, 29.10) 30.01) —.02, 56.6) +4.1) 86] 16) 65 39) 31 47, 34 49) 44) 70, 3.81) +1.1) 9 5,410) sw. | 361 sw. | 4| 8 9] 6.0 T. 

Dubuque. ........-..- 698 81] 96, 29.29) 30.05) +.01 54.0, +2.0) 82) 15) 64 32) 25 44 34 47, 42) 72) 2.85, 40.2, 9 4,558) s | 

64) 78, 29.37) 30.04) —.01 58.3 +3.8) 85) 5| 6S 35, 31 49 30! 50) 46! 71) 2.16) —0.3, 9 5,368) s s. 27| 14! 11! 5.5)..... 

356] 87| 93) 29.64, 30.03) —.04 62.8, +3.7) 87} 5) 71 42) 31 54 27 57, 53] 79, 3.07) +0.4; 10 5,205] ne. | 36] se. | 7| 9 15) 6.2) 

609} 11) 45) 29.39) 39.05) .00 56.2) +4.2) 82) 5] 67 30 46 32, 50 46) 79) 2.97, 40.4 9 4,830 s sw. | 28/12) 10 5.0..... 

Springfield, Ill........ 644} 91) 29.36) 30.04) —.01 58.4 43.8) 86] 67 35, 31 50, 27) 48| 76) 2.79 40.2, 7 5,813\s 33} se. | 27 7| 15, 6.0)..... 

534) 74) 109) 29.46, 30.03, —.02 58.6, +2.7) 85] 5 68 35, 31 49, 30....|....]....| 2.25] +0.6, 8 6,135, sw. | 40} s. 27| 10} 7| 14, 5.8) T. 

567| 265) 303) 29.43, 30.03) —.03 62.3, +3.9 70 41) 31 54) 3.63) +1.2, 6 8,766) s 66) sw. | 27/15 4 12 4.5..... 

57.04 4.4) | | | 70, 2.824 0.9 | 

30.02 60.1/+ 5.3) 88 5/70 34 31 50, 1.99—0.4| 6 5,337, 36] sw. | 10| 8 13 5.7)..... 
30.02 61.4.+ 87 70 36 31 53, 25, 52) 47) 67) 4.0014 1.8 9 7,610) s nw. | 31/13 8 10 4.9 
30.02 60.1/......| 88 34 31 51) 35 51) 46) 68) 3.10......) 11 5,548) e. 27/15, 8 8 wag 
3, 30.03 61.6,+ 85 5! 70 33 31 54) 26 54) 51) 75) 2.72,— 0.1) 12 7,266) se. | 32) sw. | 27/11) 8 12.5.7. T. 
| 29.98 72, 31 at 34 5081+ 2.8, 10 4,162 se. | 27) n. 6 11) 14 6.4..... 
6+ 4. 70 3: 1) 31....|....|....| 3.954 2.0) 6,374] ©. 33] sw. | 9 13) 5.1) T. 
8.61, 30.00 55.8)...... | 87 4) 65 28 28 47) 32 48, 44] 76) 5.01)...... | 11 7,714) se. | 35] sw. | 14) 9 8| 14 8.2 
| 23.74 30.00— .03 58.1+ 4.8) 90 4) 68 32) 28 49 32 49 44) 70) 4.80/+ 3.0, 12, 6,495) s. 32} nw. | 30) 7) 9 15 6.4) T. 
| 28.83 30.01/— .02 57.7.+ 88 4) 31, 28 49) 28 49 44) 69) 4.65/4+ 2.3) 12 5,669] s. 30, n. 27 8 9 14 6.3) 0.210... 
4 .32, 30.04/+ .03 52.24 3.7) $9 66 19 31 39) 41 44 40) 72; 0.79— 0.5 6,080) nw. | 34) nw. | 30| 11 12; 8 5.0 3.1)... 

Sioux 1,135) 94) 164) 28.81| 30.03 + .01 54.0+ 2.9) 87 12 63 28 28 45 35 46 41) 71, 2.65/+ 0.9) 12 8,347) nw. | s. 14 9 9 13 5.9 5.5)... 

1,306) 59) 74) 28.64 30.06 + .05, 50.8+ 6.1) 86 16 63 24 29 39 43 42 36) 1.34 0.0, 8 7,559) nw. sw. 6 11 11) 9 5.0 

1,5 75) 28.36 30.03 + .02 53.44 4.3) 87 14 18, 28 41) 42 44 69, 0.41\— 0.4) 5,941) nw. | 35) mw. 30 16 6} 9 4.5 0.3)... 

57' 28.69 30.01) .00. 53.6+ 3.1) 87 14 64! 24 28 43) 1.46— 0.1) 84,917] se. | 24] nw. 27) 6 10 1516.6 4.11... 

: 
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[ | 2 
| Elevation of | a 
instruments. | Pressure | Temperature of the air. + . Precipitation. Wind. 
| IS 
55) ug | tei] og | | © on | |— 
le a lala lal dia la | a ; 
Ft.| Ft, Ft.) In, | In| In, %| In. | In| | Mites 
Northern Slope. | 49.44 4.8 68, 0.86 — 0.1 | 
11 44 27.33 29.97, .01/ 48.94 5.3 80) 13] 62) 21 36 38) 74] 1.054 0.6 61 5,234 sw. | sw. | 
7 114 25.82 30.03) 49.9/+ 5.9 79) 13] 59) 31 23) 40, 34) 41/ 33) 58 0.39— 0.4! 9 6,090 sw. | 36] sw. | 28) 
11 34 265.95) 39.024 .01| 47.0\4+ 4.5, 72) 12) 56, 26 22) 38 31) 42| 37| 73 0.91— 11 nw. | nw. | 29) 
Cit 71) 26 48 27.48) 30.05/+ .05' 52.4/-+ 5.9 13] 64) 25) 31] 40, 42) 77° 0.35\— 0.4 3,659] se. | 26] sw. | 28 
Rapid City.........00. 3,259) 50 26.64) 30.06/+ .05) 51.8/+ 5.2 83) 14) 64, 23) 31) 40, 38) 43) 34) 57, 0.29— 0.8] 5 5,807) w. | 36 nw. | 30) 
Cheyenne............. 6,088) 84, 101 24.05, 39.03/+ 48.2/+ 2.9 74] 6] 59| 16| 40| 35! 0.68 & 8.130! w 44) w. 4) 
5,372) 6S, 24.69] 30.06 + 48.8/4+ 6.7 79] 13] 64 19) 271 34 441 381 29 54 0.40— 0.6 3 sw. | | 28) 
Sheridan.............. 3,790) 10 47, 26.14) 30.06)...... | 48.5)...... 81] 14] 64) 19) 26] 33 40) 36] 0.51)...... 6 3,304 s. | 38 nw. | 28 
Yellowstone Park...../6,200 11 48... | 30.09)... | 43.6)+ 2.1 69] 12] 54) 17) 26] 33, 71) 16) 4,610) s. 24 s. 15, 
North 2,821) 11 51 27-13) 30.064 54.44 4.4 89) 6) 68) 21) 31) 41) 46) 73, 0.3) 10 4,619 | nw. | 30) 
Middle Slope. | 50.414 3.8 69 3.00)+ 1.5 { 
.02| 54.6/+ 3.6 14] 65 25) 27] 43) 41) 62) 0.42— 0.5 584, 
“02, 55.8)+ 3.5 4] 70) 27| 42| 461 44 57, 0.6 3) 3540 nw. | 30 nw. | 27 
Concordia... 01) 59.6/4 4.2 92) 6| 69, 31] 28 50; 37] 51] 72 4.494 2.5 915 | 34 nw.!| 7 
Dodge City -O1) 59.84 5.1 88) 3) 71) 28) 27) 49) 41) 50, 46) 72, 1.67+ 0.3) 8 7,103| se. | 33) w. 4 
61.4/+ 2.6) 89) 4] 70! 32) 31! 53} 27) 54 50] 75) 5.98|4+ 3.7] 12 8) 427 47| sw 4 
1,214) 10) 47 28.73 30.00\— .03) 65.2/+ 3.9 89] 75, 34) 27) 55) 31|" 56] 53) 76, 5.31|+ 3.5] 7,534 s. n. | 26 
Slope. 4.64 2.2 65 3.04+ 0.5 
1,738, 52 28.19 29.99— .02) 67.2 + 3.0 8| 78 27) 56] 32) 56, 50| 67 3.6614 1.3 5,840 s. | 37| sw 
3,676, 10, 49 26.30 30.00 00 60.0+ 3.9 92 72 26 271 48| 3° 49 43 60 2472 s. | ain. | 26 
Del Rio 944 64) 71 28.99 29.97 — .01) 70.6 + 0.7 93) 7] 81) 44, 27| 60} 5.244 3.2} 61 5,193] se. | 47] nw 26 
3,566) 75, 85 26.38 29.97 + .01, 60.8 + 1.3 90 6) 33 26 47) 43) 50, “4462, 0.7] 6 4,968 s. 35, nw. | 28 
Southern Plateau. | 61.74 1.9 | 52 1.004 0.4 
3,762) 110) 133 26.19 29.92 .00 64.64 2.2 90 21 77 35 27] 521 37, 50 46 + 0 609 
Santa Fe 7,013] 57] 63 23.31 102 52.04 2.0 771 3162 4a] atl gol 89 17} | sew. | 
Flagstaff 6,908) 57) 23.40, 29.96 + .04 47.8 + 3.1! 76) 1] 63, 27| 331 44) 4)....... sw. | nw. | 29) 
Phoenix............... 1,10) 76) 81 28.73) 29.87|—- .01, 71.8 4+ 1.6 99) 13} 87, 27] 56] 44, 58) 56) 0.52.4 0.2; 2} 3,416; e. | 29) nw 25) 
a 101; 1) 88 47) 27| 60} 37) 51] 54) 0.354 0.2; 2! 2,907, n. | 27) s. 19) 
26.01 30.04)+ .09) 60.14 0.8 84) 11] 74 321 26) 46] 36, 47; 35) 46 0.35 0.0, 2) .| Wan 
Middle Piateau. } | | 53.6 +2.8 59 0.74 —0.1 
4,532) 74) 81) 25.54 30.05) +.06) 53.6) +3.9 82] 12] 68) 27) 39] 40 44] 60 0.75 613,38 w. | 291 w 13 
12 I. 12] 62! 30) 44} 42] 51! 0.52) —0.3| 4] | se. nw. | 28) 
Winnemucea......-.-- +3. 12} 66, 22 26| 37) 46| 43) 64) 0.45; —0.1| 713,763 ne. | 301s. | 14! 
5, 47% | 43. 13| 65! 21 27 37] 48 411 32) 55 0.69 w. | 341m 28 
Salt Lake City........ 36 +2.8, 79| 13] 64| 31] 27] 46] 201 47) 41/ 64/ 1.13' —0.3| 91 5/045! se. | 421s. 3 
irand Junction....... 4, +3.3 2} 68) 28) 46} 30 46 58) 0.87; 0.0) 5) 3,713) se. 39! se. 17) 
Northern Plateau. +39 | | 1.521 40.31 | 
471 +. | 12} 60} 26) 23) 38) 43) 39) 72) 0.71) —0.2) 7| 4,278 se. | 20] n 17 
12, 73! 2 43.3 13} 64) 30) 23] 43) 34 46, 40; 64) 1.98) 4.0.7) se. | 25) w 24) 
| 40) 48 2 +4.7) 87) 1) 67) 35) 22) 46) 2.27) +11] 13) 1,723, e. | w. | 28 
4477] 601 68 25.54 30.08) +.94 511! 43.1) sol 61) 291 26] 41] 34) 37) 66] 40.31 67216 se. | 37] sw. | 27 
j1, 928] 101) 110 28,00. 30.05 01) 52.4) 45.1) 77] 62) 30) 43) 31 46 41) 68) 1.31) —0.2| 9) sw. | 31] sw. | 11 
Welle Walle. 991] 57) 65, 29.00: 30.07, . 00) 57 82) 11) 66 36! 30; 48} 27) 50) 44) 64) 1.53) 40.1) 14! 3,421 s. 33) sw 
Region. | 54.1) +24 | | 8} 45 +07) | 
North Head........... 211] 11) 58) 29.85 30.08 +.03) 53.2) 63} 4| 58, 45, 22] 50] 12, 52) 94] 434 40.4) 191,069 se. | se. | 4 
North Yakima........ 81) 2| 66} 29) 30) 36/..../....|....|  7......| nw. | 
Port Angeles.........- 29] 53 30.05 30.08)......| 62| 56, 37| 43) 20)... 163567) 
| 125] 215) 259 29.98 30 03° +.04) 53.4) +2.6 68! 4] 58 39) 22] 48| 22 51, 48 3.46 40.61 15. s. 46| sw. | 27/ 
| 213) 113) 120) 29.86, 30.03) +.05 53.2) 65] 3) 50 36) 22) 25 50, 48 831 4.93 41.5] 4,323 sw. | sw. | 27] 
latoosh Island.......- 108) 7) 29.94 30.04) +.03 51.8) 60} 4! 55) 44) 14] 49; 11 50; 49) 10.07, 2311,178 s. | 68s 7 
Portland, Oreg........ 155) 68) 106) 29.93 30.08) +.02, 56.4) +3.1) 78] 11] 64) 38) 22) 49] 24) 53) 50, 80 4.47 3,968 nw. | |” 
9) 57) 29.56 30.12 +.04 56.4) +3.6 83) 1) 67) 34, 28) 46) 37, 51) 48, 76) 1.18 —1.4! 13) 1,630, n. 18| sw. | 27) 
Middle Pacific Coast | ae 
Region. 61.1 42.4 | | | | 
| 62| 73) 89) 30.04, 30.11. +.05| 54.2! 41.1) 69 191 60, 43) 251 4 52; 50 88 | 
Mount Tamalpais...../2,375, 11] 18) 27.58 30.04 +.03, 60.8 42.1) 82. 12) 44 33 41 55 0:45) ia 
Point Reyes Light..../ 490, 7/18) 29.48 30.00... 57.4! +2.7) 79| 12] 62 50| 53! 881 0.69......| 5127993 nw. | 46) nw. | 171 
Red | 382) 50) 58) 29.65, 30.00 —.03) 65.2) +1. 4] 86| 13]. 77) 43 26, 54] 32° 56) 57° 0.51 5! 3,799, nw. | 29) nw. | 
Sacramento. | 117) 29.93, 30.00! +. 01) 64.2) 42.0) 88) 19) 76) 44) 24) 52] 33, 56, 48 62) 0.49) —0.6, 2| 5,094| se. | 33) n 18 
San Francisco. 155] 200] 213 29.85 30.02, +.01) 64.0! 45.6) 85 12] 52| 561 24! 56] 52 5/4678 sw. 30 ne. | 19 
141} 12) 110, 29.87, 30.02)...... 62.0) +1.7| 89, 12) 75 38, 18| 49) 38....1.... | 59] 0.15| 5! 3,371) nw. | | 18! 
South Pacific Coast | | | 
68.4 | | | | 64 0.34 
327; 89 98 29.63, 29.99 +.03 66.7; 42.0) 94) 13; 79, 45, 54) 34 56 asl s 
Los Angeles. .......--- | 338) 159] 191 29.58 29.94, 71.0) 98 11 24 37, 60 18 
San 62) 79 29.81 29.93) 681) +5.1/ 99 31] 75, 54 18 27 61) 74 O42 54172 nw. | | 19 
San Luis Obispo. ..... 201; 32) 40) 29.77, 29. - 00° 67.6) +8.4) 99) 12, 80) 44) 26) 55) 44 56, 49 63} 0.81) —0.5) 3) 3,060 nw. | 22) ne 1 
West Indics. | | | 
=) | | | | | | | | | | | 
San Juan, P. R....... 82] 8 54 29,84) 29.92)......) 79.4)... | 89 22) 85, 71) 24] 74) 41.7] 20; 6,462 | 34 e 30 
Panama Canal. | | | 
| | | | 
Balboa Heights.......! 118! 97 29. 83) 79.8)..:...| 91! 5) 8s 71) 1) 74) 17) 78) 74 90} 9.16 — 1.11 191 5,367 
29. 83)...... 8% | .16— 1. 7; nw. | 28) sw 22) 
| 36! 301 97... 89 23 84 72, 1) 74) 14) 76 75 89) 27.07 412.2) 25, 5,676 w. | 36 1 
Alaska. | | | 
| 
80 49) | 58 10, 45 25| 38 40 88) 13. 30) 3,512 se. | 31) se 30) 
94395—19———_4 


|g 
= 
as 
3/2138) € 
ig 
&| & 
3 
la 
0-10| In. | In, 
5.2 
10| 8 13) 5.9)..... 
10| 11) 10, 5.4) T. |... 
5| 9 17) 7.0) T. 
13} 13) 5| T. |.... 
14) 7| 10 4.9) T. 
9 12 10, 5.8) 0.2).... 
11) 17 3) 4.8) 
15} 5) 111 4.8) T. 
9 12 10) 4.8)..... ance 
14, 4) 13) 4.9) 2.3)... 
34 
9 8 146.01 T. 
13, 8 10 5.0)..... 
7| 11] 13] 6.3} 2.2... 
11) 9 11| 4.9)..... 
7 14 10) 5.5)..... 
6} 
13} 7| 11) 4.9)..... 
15] 7 9 
14, 8 9, 4.7| 
18] 5) 3.2)..... 
17,10 4) 3.2)..... 
| 
20 6 3.1)... 
14 13, 4 4.1) 0.5.00. 
1) 
19 10 2 2.7)... 
21 
4.2 
20) 5} 6 3.3)..... 
19! 111 1; 2.6] 0.5)... 
10} 10) 11! 4.9)..... 
10} 13} 5.1) T. 
14) 9} 5.2) 
14] 11] 6} 
9! 16] 6.7)... 45 
10, 13| 5.5) T 
0) 15] 16] 7.5)..... 
11} 10) 10) 5.5)... 
7.1 
4) 25) 
14) 4)....)..... 
4) 4) 23) 7.8)..... 
0} 10] 21) 3)..... 
1} 10} 20) 7.8)..... 
7} 9} 15) 6.7)... 
13} 10)....|..... 
4) 15) 12) 6.2|..... 
16) 4) 4.6)..... 
3.6 
| 
13] 14! 
18) 7} 6 3.4)... 
12} 11) 8) 5.0)..... 
22; 6 
8° 
21} 6 4/22)... 
18 
3.0 
24} 31 23)..... 
19} 8 41 3.0).....).. 
18} 8 4.1)..... 
19) 8 4 2.9)..... 
4 10) 6.1)..... 
1 14) 16) 
1] 5] 25; 8.5)..... 
0 31 08 


~ 


/ 


4 


| 
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TaBLE II.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes or 0.80 in 1 hour, during October, 1918, at all stations furnished with self-registering gages. 


{ 
Total duration. 26. | Excessive rate. 3 & | Depths of precipitation (in inches) during periods of time indicated. 
dus | 1328) 5 | 10 | 15 | 20 | 25 | 30 | 35 | 60 80 100 | 120 
| From To— ses Began Ended bee min. | min. | min. | min. | min. min. |min. — welled min. min. min. min. 
24 | 4:00a.m. | 12:50p.m. | 1.78 | 7:20a.m.| 8:32a.m. | 0.05 0.08 | 0.12 | 0.33 | 0.48 | 0.52 |0.58 '0.64 10.72 80 (0. 87 0. 
RA 6:12a.m.| 7:02a.m. | 0.46 | 0.13 | 0.16 | 0.23 | 0.27 | 0.35 (0.43 [0.49 |.....].....].....|.-....|....-|.0--..00., 
Anniston, Ala............ 28-29 D.N. p.m | 11:35 a.m. | 2.53 7:02a.m. | 7:52a.m. |......| 0.79 | 0.89 | 0.97 | 1.03) 1.10 1.15 1.27 (0.61 (0.66 
7:52a.m. | 8:15a.m. |...... 1.52] 1.62 | 1.67 | 1.80 | 1.88 |.....]..... 11.37 | 1.42 
29 | 12:30 p.m.| 9:50 p.m.} 1.55 | 1:08p.m.| 1:37 p.m. | 0.02 | 0.12 | 0.20 | 0.30 | 0.43 | 0.51 '0.60 |0.64 
Asheville, N. C...........| 24-25 | 12:20 p.m. | 10: 00a. m. | 7.76 6:25 a.m. 7:55 a.m. | 4.88 | 0.09 | 0.17 | 0.46 | 0.67 | 0.91 |1.10 /1.20 te 25 |1.36 i 57 | 1.68 (1.94 (2.50 |..... 
Atlanta, Ga | 24 | 11:15 a.m. 750 p.m. | 1.62 1:19 p.m.) 1:45 p.m. | 0.56 | 0.18 | 0.29 | 0.37 | 0.56 | 0.77 |0.78 |..... 
8| 6:05a.m. | 10:15a.m./ 2.05 6:08 a.m 7:58 a.m. | 0.01 | 0.11 | 0.19 | 0.27 | 0.34 | 0.41 |0. 43 10.44 |0.45 0.45 (0.46 0.78 1.36 1.74 | 1.96 
D.N. a.m. | 10:35a.m./ 1.11! 8:00a.m. | 8:26a.m. | 0.44 | 0.14 | 0.27 | 0.30 | 6.41 | 0.58 0.61 
Birmingham, Ala......... 24/D.N.a.m.} 9:15a.m. | 2.26) 3:49a.m.{ 4:19a.m.| 0.05 | 0.13 | 0.38 | 0.66 | 0.79 | 0.90 
'{29-30 | D.N. a.m 9:19a.m. | 5.79 | 10:49a.m. | 12:47 p.m. | 0.46 | 0.09 | 0.18 | 0.22 | 0.27 | 0.30 [0.35 10.56 [0.80 0.92 11.02 | 1.35 1.75 2.04 | 2.24 
Bismarck, N. Dak........| 2: | 
Block Island, | 
Boston, | 
Buffalo, N. 
Burlington, Vt.........-- 
Cairo, [ll 
Canton, N. | 
Charleston, 8. 
Charlotte, N. 
| 
Cheyenne. W | 
Chicago, 
Cincinnati, 
Cleveland, "Ohio... 
Columbia, 
Columbia, S. 
Columbus, Ohio.......... 
p.m. | 1.93 | 20-21 a.m. | 10:48 a.m. | 0.45 | 0.23 | 0.46 | 0.76 | 1.63 | 1.08 
Corpus Christi, Tex.......| { 12| 3:20a.m. | 10:45a.m. | 2.25 | 7:19a.m.| 8:06a.m.| 0.68 | 0.11 | 0.27 | 0.40 | 0.58 G81 MOT Lis 
26 | 8:04a.m.| 6:09p.m.| 2.66 9:37a.m. | 11:14a.m. | 0.06 | 0.10 | 0.12 | 0.22 | 0.35 | 0.54 (0.68 10.74 10.84 [1.11 [1.33 | 1.46 1.90 2.12 |... 
Dei Rio, 21-22 | 0. 81 86 89 0.92 | 1.03 1.34 | 2.22 
Grand Haven, Mich...... 27 
Grand Rapids, Mich...... 27 0. 33 
Green Bay, Wis. ......... 
7:05 p.m. | 9p.m™m, 0.43 | 0.09 0.17 | 0.32 0.44 0.61 0.72 (0.78 0.82 (0-86 0.91 |. 
9- 7:55 p.m. | 8:45 p.m, |...... | 0.96 0.99 | 1.02 1.07 | 1.13 |1.20 /1.26 
Greenville, S. C.........-. | p-m.) 430 p.m. | 7-34} g:45p.m.| 9:07 p.m.|...__. | 1.42 | 1.47 | 1.56 | 1.63 | 1.67 |..... all 
| 1:19 p. | 2:23 p.m. | 4.93 | 0.13 0.42 | 0.62 0.68 | 0.74 0.80 '0.89 6. 95 il. 12.00 
} D.N.a.m.| 2:00p.m.| 1.15 | 8:38a.m.] 9:19a.m. | 0.29 | 0.10 | 0.15 | 0.34 | 0.36 | 0.37 (0.2 10.58 10.64 10.67 
Harrisburg, Pa 7:28 p.m.| D.N.a.m. | 0.84) 8:17p m. | | 0:08 1 000) | | 
1:11 p.m.{| 2:20 p.m. | 0.04 | 0.14 | 0.23 | 0.27 | 0.35 | 0.46 0.70 |0.91 |1.13 1.44 1.81 | 2.78 3.48 |.....|..... 
22 6:31 a.m. N. p.m.) 1.34 2:53 p.m.| 3:31 p.m. 0.23 | 0.10 | 0.15 | 0.2 
Jacksonville, Fla.......... | 16-17 | 6:35a.m. | D.N.a.m. 1.35 12:14a.m. 12:36.a.m, 0.48 | 0.23 a 
Kansas City, Mo......... ; 26-27 | 1:32 p.m. | D.N.a.m. | 2.70 | 9:41 p.m. | 10:20 p.m. | 1.74 | 0.05 | 0.11 | 0.22.| 0.33 | 0.50 0.71 |0.78 (0.86 |.....\.....|...00- ceece ceeeclecece 
Key West, Fia....... |fl4-15 | D.N.p.m. |} D.N.a.m.| 1.60 | 12:34a.m. | 12:59a.m, | 0.44 | 0.10 | 0.34 | 0.58 0.78 0.98 
24) 21:23 p.m.} 3:10p.m./ 0.88 | 2:31 p.m.| 2:46 p.m. ! 0.32 | 0.17 | 0.34 | 0.51 


* Self-register not in use, 
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TaBLE IT.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes or 0.80 in 1 hour, during October, 1918, at all stations furnished with self-registering gages—Continued. 


Total duration. Excessive rate. 


Depths of precipitation (in inches) during periods of time indicated. 


Stations. Date. 


38 Began— | Ended— 


Total amount 
fon. 
| 
Amount be- 
rate began. 


fore excessive 


From— | To— 
-—— 


Lewiston, Idaho.......... 
Lexington, Ky.........+: 28 | 
Little Rock, Ark......... | 1.13 
Los Anpeles, Cal.......... 3-14-15 7 

19 
Ludington, Mich......... 27 
Lynchburg, Va..........- 0.30 
Memphis, Tenn........... 18} 9:46a.m. 11: 


a 


11 
Meridian, Miss..........-. 23-24 
29 


Ferry P 


26-27 | 7:10 p.m. D.N.a.m. | 3.79 


BERS 


29-30 | 7:07 p.m.  5:25a.m. | 1.43 | 10: 
Modena, Utah............ 3-4 | 

Montgomery, Ala......... 19 | 5:27a.m. 10:07 a.m. | 1.16 

24; 8:10a.m. | 10:20a.m. | 1.16 

a.m. 1:05 p.m. 


PEP 
BEE 
PPS 


SSR 


Moorhead, Minn.......... 
Mount Tamalpais, Cal... . 
Nantucket, Mass.......... 
Nashville, Tenn.......... | 
New Haven, Conn........ 
New Orleans, La......... | 


North Head, Wash....... | 
North Platte, Nebr....... | 
Oklahoma, Okla.......... 
Tex... 
Parkersburg, W. Va...... 
Pensacola, Fla.........-..- 
Philadelphia, Pa.......... 
ALIS. 
PO. 
Pocatello, Idaho. ......... 
Point Reyes Light, Cal... 
Port Angeles, Wash...... 
Port Huron, Mich........ 
Portland, 
Portland, Oreg........... 
Providence, B.1.......... 
Rapid City, 8. Dak....... 
Richmond, Va............ 
Roseburg, Oreg..........- 
Roswell, N. Mex.......... 
Sacramento, Cal.......... 
St. Joseph, Mo 26 | 


St. Paul, Minn..... 

Salt Lake City, Utah..... 

Ban: Dees, Cal. i } 0.13 
Sand Key, Fla............| | 

Sandusky, Ohio.......... | 
Sandy Hook, N.J........ 
San Francisco, Cal........ | 
San 
San Luis Obispo, Cal... .. 
Santa Fe, N. Mex........ 
Sault Ste. Marie, Mich... 
Savannah, Ga 
Scranton, Pa............. 
Sheridan, Wyo........... 
Shreveport, La......----. 
Sioux City, Iowa......... 
Spokane, Wash......-...-. 
Springfield, 
Springfield, Mo........... 
Tacoma, 
Tatoosh Island, Wash....) | 1.16 | 


| 
0.54 


* Self-register not in use. 


—— 


7 
| 
| | min. | min. | min. | min. | min. |min. jain. min. min. jmin. | min. |min. ‘min. 
| 
0.65 |'0.68 |0. 84° 0.87 10.93 0.96 
0.46 | 0.47 0.69 (0.75 |0.81 | 0.84 
m. | 0.11 | 0.14 | 0.22 | 0.27 | 0.36 | 0.44 10.51 
40 p.m. 2:45 .m. | 0.01 0,42 | 0.73 | 1.04 | 1.07 im 
8:15 p.m. D.N. | 0.19 | 0.15 | 0.26 | 0.37 | 0.50 0.62 (0.79 0.92 |0.98 {1.04 [1.14 | 1.23 11.55 a 
10:07 a.m. 11:58 m. | 0.01 0.08 | 0.25 0:40}. 0:48 64: 10.70 
Lm. | | 0.66 | = 
0.37 | 0.61 |0. 87 |1. 04 |1. 20 |1.33 [1.39 
| 2.26 | 2.31 |2.39 |2.43 |2.47 
0.26 | 0.57 |6.82 10.89 0.91 |1.09 11.17 | 1.19 
0. 41 | 0.46 |0. 56 |0. 70 |0. 72 0.92 |0.99 
27 | D. N.a.m. | D.N. a.m. | 3:200a.m.| 3:46 a.m. 0.04 0.15 0.33 | 
29 | 6:00p.m. D.N.p.m.| 4.03 | 6:27 p.m.| 7:58 p.m. 0.08 | 0.14 0.30 | 0.67 | 1.04 | 1.24 11.49 |1.68 11.78 88 |2.05 | 2.68 |3.37 [3.72 
tarthfield. V 6 1109 020/..... 
0.05 
4 
| 
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TABLE Il.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.95 
inch in any 5 minutes or 0.80 in 1 hour, during October, 1918, at all stations furnished with self--registering gages—Continued. 

la 
Total duration. 3 a Excessive rate. IB 3 = Depths of precipitation (in inches) during periods of time indicated. 
Stations. Date. E | | | 
30 | 35 | 40 45 | 60 | 80 | 120 
| . min. |min. min. min. min.| min. min. |min. 
| | | = 
22| 7:18a.m.| 9:55a.m. | 0.83] 7:58a.m.| 8:15a.m. | 0.13 | 0.07 | 0.39 | 0.55 | 0.62 
Taylor, Tex....---.------ { 26 | 10:35a.m.| 1:30 p.m.) 1.05 | 10:57a.m. | 11:27 a.m. | 0.01 | 
Thomasville, Ga........-- 30 | 10:50a.m. 4:15 p.m.| 1.05 | 2:05p.m.| 2:23 p.m. | 
{ 1:54 a.m. 2:44.a.m. | 0.18 | 0.16 | 0.25 | 0.34 | 0.48 | 0.59 10.65 |0.71 (0.84 0.88 
2:44a.m.| 3:34a.m. 0.91 | 0.94 | 0.97 | 1.01 | 1.07 !1.13 [1.23 (1.31 |1.41 |1.48 
Vicksburg, Miss 10:25 a.m. | 4.65) 3:34 4:08a.m.|...... 1.55 | 1.64 | 1.75 | 1.81 | 1.87 [1.93 |1.99 
5:38a.m. 6:46a.m. 2.72 0.09 | 0.13 | 0.15 | 0.20 0.36 [0.48 [0.58 0.68. 0.81 10.95 | 1.21 1.54 
{ 4:27 p.m.| 5:27 p.m. | 0.26 | 0.09 | 0.22 | 0.49 | 0.57 | 0.78 {1.01 11.11 |1.28 [1.30 [1.34 | 1.61 
17 | 201 p.m.| D.N.p.m.| 4.57 4 7:95 9:10 p.m. 2.07 | 0.12 | 0.19 | 0.21 | 0.27 0.33 (0.53 10.77 0.93 1.21 [1.28 | 1.40 {2/00 12.43 | 2°47 
| | | | | | 
* Self-register not in use. 
Tasie III.—Data furnished by the Canadian Meteorological Service, October, 1918. 
g 
Pressure. Temperature. Precipitation. 
| Altitude 
above ] 
|M.S.L.*| Station | Sea level 
Stations. reduced | reduced Mean Mean Total 
Jan. 1, | tomean | to mean maxi- mini- | Highest. Lowest. Total. 
1916 of 24 of 24 from | mean from from | snowfall. 
hours hours, 20rmal. || min.+2. normal. : normal, 
Feet. Inches. Inches. Inches. ° F. | Inches. Inches. Inches 
48| 30.02 30.06 40.10 49.2 $2.7 56.2 42.2 71 30 
ene 65 30.00 | 39. 07 +. 05 | 48.6 +1.0 5.1 42.1 65 | 29 4.85 +0.15 06 
38} 30.00 30. 04 + .08 | 47.4 +0.9 52 42.1 62 29 | 5. 53 
28 30. 04 30. 06 + .10] 46.0 +3.0 4.0 38.1 | 68 26 | 4.70 T 
20 30.01 30.03 + .08 40.8 +1.0 47.9 33.7 | 59 22 | 1.21 
296 | 29.74 | 30. 07 + .07 | 44.3 +1.9 5L.8 36.8 | 60 30 | 3. 33 +0. 18 
ca 187 29. 86 | 30. 07 + .06 47.5 +2.7 53.7 41.4 67 33 | 5. 66 
Stonecliffe, 489 29. 44 30.05 + .04 45.5 +2.7 54.1 36.9 70 28 3. 86 
236 29.80 30.07 + .06 | 48.0 t4.2 7.2 38.9 79 28 | 5.76 
Kingston, Ont.......... er ren | 285 29.76 30. 07 + .04 | 50. 2 +3.2 57.3 43.2 68 31 | 5.78 +3. 05 
379 29. 65 30.06 | + .02 | 51.4 60.0 42.8 73 30 | 2.54 
1,252 28. 66 29.99 + .01 39.2 +2.1 18.1 30.3 63 15 | 2. 59 $0.24 7 
592 29.43 30.07 + .02 | +3.6 59.7 43.1 65 29 | 2.38 
Southampton, 656 30.3 44.2 58.2 42.5 71 28 | 
29.35 30. 05 + .04 47.5 +3.6 55.1 40.0 2h 4.43 
644 29. 28 29.99 + .01 43.5 | +3.6 51.0 36.0 68 28 | 2.51 —0. 05 
eee | 760 29.14 | 29.98 00 44.0 +4.9 53.6 34.5 71 18 | 1.09 0.61 3.0 
} 1,690 28.17 30.02 + .05 41.8 +4.0 52.3 31.3 6S if 1.31 0.11 | 0.2 
Qu’ Appelle, Sask... 2,115 7.68 | 29.94 — .03 43.6 +4.2 54.3 32.9 73 i4 0.76 0.34 0.2 
Medicine Hat, Alberta.................... 2,161 27.60 29.88 — .09 19.6 +4.8 64.2 35.0 80 13 | 0.18 ~0. 40 0.5 
Swit Current, Sask................. or 2.440 7.33 29.90 — .07 46.1 +4.0 59.7 $2.6 78 18 | 1.36 0.48 0.8 
SE ee eee 3, 389 26.36 29.89 — .% 47.6 7.6 63.5 31.8 74 16 0.11 -0.37 0.2 
4,521 | 25.34 29.93 — .02 41.2 19.9 32. 6 63 19 | 1.05 1-0, 03 0.3 
| | | 
Edmonton, Alberta..... 2,150 | 27.57 29.86 | — .07 42.3 41.2 55. 20.5 49 0.17 53 | 0.5 
1, 432 | 28. 35 29.92 — .05 41.6 53.0 30.2 68 8 | 0.39 —0. 44 | 0.4 
1,592 | 28.16 29.91 — .06 42.9 3.3 56. 2 29.6 6S 10 0.45 0. 00 r 
228 | 29.79 | 30.05 + .04 51.3 +2.1 56.4 45.2 66 40 | 4.13 
| 
Hamilton, Bermuda... 151} 29.96 | 30.12) .10 74.1 79.3 68.9 85 
* See explanation of tables in this Review for Jan. 1918, p. 48. 


ALT. 


LITTLE ROCK 
ST. Louis 


VICKSBURG 
NEw ORLEANS 


CINCINNATI 
| MEMPHIS 
KEOKUK 


STATIONS 
KANSAS CITY 
SHREVEPORT 
JOHNSONVILLE 


15| NASHVILLE 


14 
13 
12 

10 
9 
7 
5 


4 
3 
9 


+ 
pall 


e*° 


| 


1 23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


Chart I. Hydrographs of Several Principal Rivers, October, 1918. 
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